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Abstract
A program of experimental research and analysis has been conducted to examine the heat transfer
and pressure distributions in regions of shock/shock interaction over smooth and transpiration-cooled
hemispherical noseshapes. The objective of this investigation was to determine whether the large heat
transfer generated in regions of shock/shock interaction can be reduced by transpiration cooling. The
experimental program was conducted at Mach numbers of 12 to 16 in the Calspan 48-Inch Shock Tun-
nel. Type III and type IV interaction regions were generated for a range of freestream unit Reynolds
numbers to provide shear layer Reynolds numbers from 104 to 106 to enable both laminar and turbulent
interaction regions to be studied. Shock/shock interactions were investigated on a smooth hemispherical
nosetip and a similar transpiration-cooled nosetip, with the latter configuration being examined for a
range of surface blowing rates up to one-third of the freestream mass flux. While the heat transfer meas-
urements on the smooth hemisphere without shock/shock interaction were in good agreement with Fay-
Riddell predictions, those on the transpiration-cooled nosetip indicated that its intrinsic roughness caused
heating-enhancement factors of over 1.5. In the shock/shock interaction studies on the smooth nosetip,
detailed heat transfer and pressure measurements were obtained to map the variation of the distributions
with shock-impingement position for a range of type III and type IV interactions. Such sets of measure-
ments were obtained for a range of unit Reynolds numbers and Mach numbers to obtain both laminar and
turbulent interactions. The measurements indicated that shear layer transition had a significant influence
on the heating rates for the type IV interaction as well as the anticipated large effects on type III interac-
tion heating. In the absence of blowing, the peak heating in the type III and type IV interaction regions,
over the transpiration-cooled model, did not appear to be influenced by the model's rough surface char-
acteristics. The studies of the effects of transpiration cooling on type III and type IV shock/shock interac-
tion regions demonstrated that large surface blowing rates had significant effect on the structure of the
flowfield, enlarging the shock layer and moving the region of peak-heating interaction around the body.
However, despite a reduction in the total heating rate, the peak heating was reduced by less than 10
percent for coolant flow rates as large as 30 percent of the freestream mass flux.
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Section 1
INTRODUCTION
The large aerothermal loads generated in regions of shock/shock interaction remain one of the key
problems associated with the design of airbreathing hypersonic vehicles. At hypersonic speeds, the heat
transfer to the lip of an engine cowl, with the compression ramp shocks focused upon it, can exceed the
normal stagnation values by factors of between 20 and 50 under continuum conditions. Such heating loads
make it mandatory that some form of cooling technique be employed. Generally, an active cooling system
is preferred to an ablative system; however, the large heating levels may preclude the use of backface-
cooling techniques. Therefore, transpiration cooling was anticipated to represent the most effective tech-
nique to alleviate cowl heating in the presence of shock/shock interaction heating.
The two types of shock/shock interaction that generate the largest heating loads were defined by
Edney (Reference 1) as type III and type IV interactions. Shown schematically in Figure 1, the type IV
interaction is one in which a jet comprising a series of compression and expansion waves efficiently com-
presses the ffeestream gas. This jet, preceded and bounded by shear layers, is terminated by a normal
shock just ahead of the surface to produce what is, effectively, a very narrow stagnation region. To predict
the heating loads in this region, Edney modeled this region as a stagnation region on a body with an
effectively smaller nose radius, obtaining the expression shown in Figure 1. For flows in which the shear
layer upstream of the jet is transitional, the heating levels for the type IV interaction can be increased by
radiated noise, as discussed in Reference 2. In the type III interaction (Figure 2), where the shear layer is
directly incident on the model surface, the heating levels in the attachment region are significantly in-
creased when transition occurs in the shear layer. Consequently, in predicting the heating loads in these
flows, it is essential to establish a transition criterion of the type shown in Figure 3 (Reference 3), where
the Reynolds number based on the shear layer length and adjacent flow properties is plotted versus effec-
tive shear layer Mach number. Generally, for shear layer Reynolds numbers below 5x104, the shear layer
should remain laminar; for shear layer Reynolds numbers above 5x10 s, a turbulent flow may be expected.
The exact Reynolds number at which shear layer transition will occur will, of course, also depend upon the
disturbances that are radiated from upstream surfaces of the vehicle and those present in the freestream.
During the past two decades, a significant number of studies have been conducted to investigate the
aerothermal loads generated in regions of shock/shock interaction. A recent review of these studies, as
well as an extensive set of heat transfer and pressure measurements in regions of shock/shock interaction
at Mach numbers from 6 to 18, is presented by Hoiden et al. in Reference 2. Comparisons between the
peak heat transfer and pressure measurements on cylindrical leading edges made in these studies with the
simple prediction techniques devised by Edney (Reference 1) and Keyes and Hains (Reference 4) showed
general agreement. However, these studies suggest that it is necessary to understand the role of the distur-
bances generated by shear layer turbulence, and the influence of viscous effects on jet structure, to better
predict these flows. The heating levels predicted by these semiempirical techniques are capable of bound-
ing the levels of heating generated by laminar and turbulent type III interactions. However, for flows
where the viscous region occupies an extensive part of the shock layer, the compression and heating
mechanisms may be significantly modified. Within the past several years, both the finite-difference and
the finite-element techniques have been employed to obtain solutions to the Navier-Stokes equations for
regions of shock/shock interaction. An adequate solution for these types of flows requires a careful and
detailed gridding of the flowfield in the jet or shear layer region between the shock intersection point and
the body. Once again, an accurate solution for flows with shear layer transition depends on correctly
describing the transitional and turbulent flow structures of the shear layer and the radiated noise effects on
type IV heating or reattachment characteristics for type III flows.
Controlling the heating loads generated by shock/shock interaction on the small-radius cowl lip of a
hypersonic scramjet engine represents a formidable and, as yet, unresolved problem. The use of ablative
materials has been one of the most effective proven ways of controlling the stagnation point heating loads
associated with sustained hypersonic flight. However, the ablation products can be inconsistent with an
airbreathing propulsion system and clearly involve the refurbishment of the cowl lip. While backface
cooling represents an ideal technique, it is not known if it could be applied to such large heating loads and
has yet to be proven in hypersonic flight. Transpiration cooling has been used successfully on hypersonic
re-entry vehicles and, in principle, represents the most practical way of handling the large heating loads.
However, here, the large unknown is whether the region of high momentum generated by the jet will
essentially cut through the low-momentum coolant layer or the shear layer scouring the cooling layer from
the surface. A transpiration-cooled nosetip, designed by Aerojet employing its platelet technology in a slot
cooling configuration, was used successfully in flight tests of ballistic re-entry vehicles. This model (Refer-
ence 5) was used with a gaseous injectant in shock tunnel studies of cooling effectiveness. In the absence
of a coolant, the discontinuous nature of the surface produced an effective roughness that resulted in
heating rates up to 60 percen t more than those of a smooth model of the same geometry (Reference 5).
For the lower blowing rates, the boundary layer in the stagnation region was apparently tripped by the
injectant, and this also resulted in increased heating. Thus, the introduction of shock/shock interaction
causes a significant complication to an already complex situation. Clearly, the effectiveness of transpira-
tion cooling in reducing the heating loads developed by a transitional shock/shock interaction can be
addressed only by an experimental program. Although a cylindrical transpiration-cooled leading edge
would more closely simulate the cowl heating configuration, we believe that experiments with an existing
hemispherical configuration should provide a clear indication of the phenomenology of importance in
shock/shock interaction on transpiration-cooled leading edges.
In this report, we present the results of two studies to investigate the aerothermal loads generated in
shock/shock interaction regions over hemispherical nosetips. First, in the following section, we describe
the objective and design of the experimental program. The test facility is then described, and the condi-
tions selected for the experimental studies are discussed and tabulated. The two models used for these
studies, and the instrumentation installed in them, are described. We then discuss the results of the
experimental studies. First, measurements on the two models in the absence of shock/shock interaction
are presented to define the effects on the basic heating levels of the surface roughness of the transpira-
tion-cooled model. We next present measurements on the smooth hemispherical nosetip for laminar and
turbulent interaction regions at Mach numbers from 12 to 16. These are compared with measurements
first presented in Reference 6, where the effects of transpiration cooling on the interaction-induced heat-
ing were investigated. The set of measurements to investigate Mach number and Reynolds number effects
for type III and type IV interactions over the smooth configuration is then presented and discussed.
Measurements of shock/shock interaction heating on the transpiration-cooled nosetip are next pre-
sented-first, for interactions in the absence of blowing; then, for a series of blowing levels--each for a
range of Mach number and Reynolds number conditions. The measurements for each set of studies are
compared with each other and with the predictions from the simple Edney/Keyes and Hains models. The
conclusions from all of these studies are then presented.
Section 2
EXPERIMENTAL PROGRAM
2.1 PROGRAM OBJECTIVES AND DESIGN
The objective of the present studies was to provide detailed pressure and heat transfer measurements
as well as schlieren photographs to define the structure and properties of regions of shock/shock interac-
tion on smooth and transpiration-cooled nosetips at Mach numbers from 12 to 16. The emphasis in these
studies was placed on type III and type IV interactions, for these provide the largest aerothermal loads.
Studies were performed over a range of Reynolds numbers to explore the effects of transition on the
heating rates. Measurements were also performed for fully laminar conditions to provide a data set that
could be compared with theory without transition or turbulence modeling problems.
The first set of studies explored the aerothermal characteristics of the interaction between a planar
shock and the shock layer of a smooth hemispherical nosetip. The primary objective of these studies was
to investigate the effects of Mach number and Reynolds number on the magnitude and distribution of
heating caused by type III and type IV shock/shock interaction for laminar and turbulent flows. The
Mach number and Reynolds number in the shock layer adjacent to the shear layer are believed to be the
most important parameters controlling transition of the shear layer, which, in turn, is controlled by the
Mach number and Reynolds number of the freestream and interaction geometry. Measurements at Mach
12 were made for Reynolds numbers large enough to ensure generation of turbulent shear layers by the
shock/shock interactions. The majority of the studies at Mach numbers from 12 to 16 were conducted for
Reynolds numbers where the shear layers were determined to be fully laminar, based on observations of
the measured heat transfer rates to the model surface.
The second series of studies investigated the aerothermal loads associated with the impingement of a
weak, planar shock in the vicinity of the stagnation region of a transpiration-cooled hemispherical nosetip.
The objective was to determine whether the heating levels generated by the interactions could be reduced
by transpiration cooling. This investigation arose from questions as to whether transpiration cooling would
be capable of diverting the strong momentum field generated by a type IlI and type IV interaction such
that the aerothermal loads could be significantly reduced. Because of the large pressures anticipated in the
peak interaction region, the experiment was designed so that the plenum pressure, which fed the slots in
the model surface, was at least 20 times the freestream pitot pressure. This assured that fluid was being
issued from the slots in the model unaltered by the presence of the interaction.
A number of key problems must be solved before a meaningful experimental study of shock/shock
interaction at hypersonic speeds can be conducted. First, a blockage-free flow between the shock genera-
tor and the cylinder must be obtained while, at the same time, preventing expansion at the trailing edge of
the shock generator from influencing the shock/shock interaction. These constraints required the use of a
shock generator 60 inches in length and 18 inches in width, with various nosetip geometries, to obtain
two-dimensional flow over the centerline of the model. Large experimental facilities are required for such
experimental studies. We designed models with shock-generator angles of 10 ° based on Edney's predic-
tion (Reference 1), to provide large interference-heating enhancement over the range of test conditions.
2.2 EXPERIMENTAL FACILITIES AND TEST CONDITIONS
2.2.1 Experimental Facilities
The experimental studies were conducted in Calspan's 48-Inch Shock Tunnel at Mach numbers of 12
to 16. The facility and its performance characteristics are described in Reference 7. The freestream condi-
tions at which the current experimental program was conducted are plotted on the map of Mach number
versus unit Reynolds number shown in Figure 4a. At Mach 12, the maximum Reynolds numbers were
sufficiently large that the interactions generated transitional to turbulent shear layers. Completely laminar
interactions were obtained under low Reynolds numbers at Mach numbers of 12 and 16.
The shock tunnel is basically a "blowdown tunnel" with a shock compression heater. The operation of
the shock tunnel in the reflected-shock mode is shown with the aid of the wave diagram in Figure 4b. The
tunnel is started by rupturing a double diaphragm, permitting high-pressure helium in the driver section to
expand into the driven section. This generates a normal shock, which propagates through the low-
pressure air. A region of high-temperature, high-pressure air is produced between this normal-shock
front and the gas interface (often referred to as the contact surface) between the driver and driven gases.
When the primary or incident shock strikes the end of the driven section, it is reflected, leaving a region
of almost stationary, high-pressure, heated air. This air is then expanded through a nozzle to the desired
freestream conditions in the test section.
The duration of the flow in the test section is controlled by the interactions between the reflected
shock, the gas interface, and the leading expansion wave generated by the non-stationary expansion
process occurring in the driver section. We normally control the initial conditions of the gases in the driver
and driven sections so that the gas interface becomes transparent to the reflected shock interaction. This
is known as operating under "tailored-interface" conditions. Under these conditions, the test time is
controlled by the time taken for the driver/driven interface to reach the throat, or for the leading expan-
sion wave to deplete the reservoir of pressure behind the reflected shock. The flow duration is, therefore,
either driver-gas-limited or expansion-limited. Figure 4c shows the flow duration in the test section as a
function of the Mach number of the incident shock. In the current program, we obtained flow durations
of 6 to 10 milliseconds.
2.2.2 Evaluation Of Test Conditions
The stagnation and freestream test conditions were determined based on measurements of the inci-
dent-shock-wave speed, Ui, the initial temperature of the test gas (in the driven tube), T1, the initial
pressure of the test gas, Pl, and the pressure behind the reflected shock wave, P0. We calculated the
incident-shock-wave Mach number, Mi = Ui/al, where the speed of sound, al, is a function of pl and
T_..- The freestream Mach number, M®, was determined from correlations of M® with Mi and P0. These
correlations were based on previous airflow calibrations of the "D" nozzle used.
Freestream test conditions of pressure, temperature, Reynolds number, etc., were computed based on
isentropic expansion of the test gas fror_ the conditions behind the reflected shock wave to the freestream
Mach number. Real gas effects were taken into account for this expansion under the justified assumption
that the gas was in thermochemical equilibrium. In the freestream, the static temperature, T®, was suffi-
ciently low that the ideal gas equation of state, p® = QR-T® was applicable, where R- is the gas constant for
the test gas.
The stagnationenthalpy,H0, and temperature, To, of the gas behind the reflected shock wave
(shown as region 4 in Figure 4b) were calculated from:
Ho = (H4/H1)H1 and To = (T4/T,) Tl (I)
where (H4/HO and (T+/T1) are functions of Ui (or Mi ) and Pl and are given in Reference 8 for air, H1
was obtained from Reference 9 for air, knowing Pt and T_.
The freestream static temperature was found from the energy equation, knowing H0 and M®,
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(2)
where Cp = 6006 ft-lb/slug/R ° and _, = 1.40.
The freestream static pressure was calculated from
(3)
t9 = (P®/PO) REAL
where Pp (P®/Po)IDEAL (4)
is the real gas correction to the ideal gas static-to-total pressure ratio as described in Reference 10. The
sources for the real gas data used in this technique are References 11 and 12.
The freestream velocity was determined from
U® = M®a+ (5)
where
the speed of sound.
.. , (6)
The freestream dynamic pressure was found from
q _, = I/2),p +,M,2
and the freestream density then was calculated from the ideal gas equation of state
where R- = 1717.91
freestream Reynolds number per foot were obtained using the technique described in Reference 8.
(7)
e., =p,_/RT® (8)
ft-lb/slug/R ° for air. Values of the absolute viscosity, g, used to compute the
Thetest-sectionpitotpressure,P0', was determined from q® and the ratio (P0'/q®)- This ratio has
been correlated as a function of M® and H0 for normal-shock waves in air in thermodynamic equilibrium.
For the test conditions at which our studies were conducted, the uncertainty in pitot-pressure meas-
urements from errors in calibration and recording is _+2.5%. The reservoir pressure can be measured with
an uncertainty of &2.0%, and the total enthalpy (H0) can be determined from the driven-tube pressure
and the incident-shock Mach number with an uncertainty of +1.5%. These measurements combine to
yield an uncertainty in the Mach number and dynamic pressure measurements of &0.8% and :1:3.5%,
respectively.
2.2.3 Smooth and Transpiration-Cooled Hemispherical Nosetips
The smooth hemispherical model shown in Figure 5 was used in an earlier study (Reference 13) and
was recently modified for this program. A unique model coordinate system (Figure 6) was used in this
program. The gages were all positioned on the surface of the hemisphere, on a plane containing a vertical
diameter parallel to the freestream flow. Those above a horizontal radius were given the designation of
+0; those below, -0. The smooth hemispherical model was instrumented with heat transfer gages in the
stagnation region and along the _ = 0 °, 180 ° plane (Figure 7), with the interaction region (azimuthal
position, 0, between 22 ° and 40 °) highly instrumented. Midway through the study, a 10 ° wedge was
mounted behind the nosetip to pivot the highly instrumented region to an azimuthal position of 12 ° to 30 °
(Figure 8). Refer to Table 5 for tabular listings of gage positions for the smooth hemisphere. Figure 9
shows the experimental configuration used for both the smooth and transpiration-cooled nosetips.
The hemispherical transpiration-cooled model was developed previously and is described in Refer-
ence 14. The transpiration model (Figures 10 and 11) contains discrete circumferential slots. (The slots
are also called pods in Reference 15.) The slots were machined in the model in the direction parallel to
the axis of symmetry of the model. Thus, coolant flow exits the end of a slot in the direction parallel to the
axis of the model and not normal to the model's surface. (All slots were machined to a nominal depth of
0.125 inch.) The slots are arranged in a spiral pattern to promote uniform coolant distribution as the
transpired coolant spreads over the model surface. The length, width, and spacing of the slots vary with
angular position, 0, on the surface. At all 0 positions, all slots are 0.040 inch apart in the circumferential
direction. (See Figure 12a.) The dimensions shown in Figure 12b are those at about 0 = -21 °. Coolant
was fed to each slot through two or three sonic orifices (depending on slot length) at the base of the slot.
The transpiration surface extends to 0 = :t:50.2 ° and is formed by discrete slots separated by distinct land
(solid) areas. This type of surface is more complex to manufacture than sintered surfaces, such as used in
the experiments reported by Kaattari (Reference 5). However, a slotted surface has the advantage of
more precise coolant flow control through internal sonic orifices, and the availability of the land areas for
placement of heat-flux instrumentation. Refer to Figure 13 for the instrumentation schematic diagram and
to Table 6 for the tabular listings of gage positions for the transpiration-cooled hemisphere.
The model has eight independent concentric transpiration zones, and the helium coolant was applied
from eight separately manifolded supply bottles mounted outside the tunnel. For the present experiments,
the coolant mass flux was the same for each zone. Eight fast-acting valves were mounted directly behind
the model, and the coolant flow was fully established before freestream tunnel flow reached the model;
this required about 22 milliseconds. The pressures in the supply bottles were measured before the valves
were open, and after the valves were closed when the bottles became equilibrated back to room tempera-
ture. This pressure drop in each bottle, of known volume, for a known time was used to calculate the
coolantflowrate.Helium-coolantmassflux(flowrateperunitarea),ecvc,wasobtainedbydividing the
total coolant flow rate from all eight bottles by the total transpiration surface area (slot plus land areas).
The transpiration surface area used was the area projected on a plane normal to the model centerline.
Freestream mass flux is noted as e®U®. The surface has an average porosity of 0.28 (ratio of total slot exit
area to total projected surface area up to 0 = +50.2°). Additional details of the model can be found in
Reference 15.
2.2.4 Model-Support and Shock-Generator System
The model was sting mounted above the centerline to accommodate the 60-inch-long flat-plate
shock generator. The model-support and shock-generator assembly was positioned to assure that the
shock/shock-interference flowfield could be viewed through the schlieren windows of the shock tunnel's
test section. For a majority of the studies, the shock generator had a 0.3125-inch-radius leading edge to
raise the incident shock with respect to the shock generator and, thus, prevent trailing-edge expansion-
fan interference in the region of interest on the hemisphere. Flat and 0.3750-inch-radius leading edges
were also used. For all experiments with an incident shock, the shock generator was inclined at an angle
of 10 o to the freestream. The shock/shock-intersection point was adjusted by vertically moving either the
model or the shock generator, or both.
2.2.5 Heat Transfer Instrumentation
The large heat transfer gradients generated in the interaction regions on the hemisphere can be signifi-
cantly distorted by lateral heat conduction unless the heat transfer instrumentation is mounted on a sur-
face of low thermal conductivity. Because our platinum thin-film gages are mounted on a Pyrex substrate,
they are well suited for this application. However, with heating rates up to 500 Btu/ft2/sec, the rise in
surface temperature during the shock tunnel's short run times can also lead to problems with data analysis
and interpretation.
For the transpiration-cooled nosetip, the platinum films were deposited on a rectangular substrate.
These gages were mounted at the midpoint of the land areas, centered between the slots and as close as
possible to the plane ¢) = 0 °, 180 °. These gages have a frequency response of 1 MHz and, therefore, can
easily follow the instabilities occurring in shock/shock-interaction regions. Refer to Figure 13 and Table 6
for a diagram and a tabulation of gage positions.
The smooth hemispherical nosetip utilized both 0.125-inch-diameter button heat transfer gages and a
Pyrex insert or "ladderstrip" that contained 44 gages with spacings of 0.040 and 0.020 inch. The use of a
continuous, nonconducting surface in the region of peak heat transfer levels and gradients minimized
lateral conduction effects. Refer to Figure 7 and Table 5 for a schematic diagram and a tabulation of gage
positions.
Thin-film gages have been used extensively at Calspan and elsewhere to detect transition. The tran-
sient response of these gages is such that they can detect turbulent bursts that occur in transitional bound-
ary layers and the unsteady nature of the heat transfer beneath turbulent boundary layers. Thus, this
measurement technique provides an excellent method of determining the nature of the boundary layer at
the attachment point of the jet on the hemispherical model.
The thin-film heat transfer gage is a resistance thermometer that reacts to the local surface tempera-
ture of the model. The first step of the data reduction was to convert the measured voltage time history for
each gage to a temperature time history, taking into account the gage resistance, the current through the
gage,thegagecalibrationfactor,andtheamplifiergain.Thetheoryof heatconductionwasusedtorelate
thesurfacetemperatureto therateof heattransfer.Theplatinumresistancelementhasnegligibleheat
capacityand,hence,negligibleffecton thePyrex-substratesurfacetemperature.Thesubstratecanbe
characterizedasbeinghomogeneousandisotropic.Furthermore,becauseoftheshortdurationof ashock
tunneltest,thesubstratecanbetreatedasasemi-infinitebody.Thefinaldatareductionwasdoneusing
theCook-Felderman(Reference16)algorithm.
The Stantonnumber,Ch, based on the freestream conditions, was calculated from the following
Ch=
@®U= (H0 - Hw) (9)
where Hw is the enthaipy at the measured wall temperature.
For the thin-film heat transfer instrumentation, the uncertainties associated with the gage calibration
and the recording equipment are estimated to be i5% for the levels of heating obtained in the current
studies. The basic unsteady nature of some of the type III and type IV shock/shock interactions observed
in earlier studies produced cyclic variations of typically up to +15%. (See Reference 2.)
2.2.6 Pressure Instrumentation
We used flush-mounted pressure gages in the smooth-hemisphere studies to obtain measurements of
the mean and fluctuating pressure levels through the interaction regions. High-frequency Kulite
transducers (0.062 inch in diameter) were flush-mounted to the surface of the model in key areas of the
flow. Their positions and gage numbers are shown in Figure 7 and Table 5. Pressure measurements were
not made for the transpiration-cooled model.
The pressures were converted to absolute pressures (psia) by adding the measured initial vacuum
pressure in the test section. The latter was the reference pressure for the transducers. The pressures were
then averaged over an interval of time in which steady flow was established over the model, to obtain an
average value for each case. The values of the pressure coefficients, Cp, were calculated from
Cp = pl(112e®uo") (1o)
where p was the measured model pressure (psia).
The uncertainties in the pressure measurements associated with the calibration and recording appara-
tus are +3%. Again, the variations associated with the unsteady nature of the fluid dynamics can be as
large as +15%.
2.2.7 Measurement Recording System
All data were recorded on the 128-channel Calspan Digital Data Acquisition System (DDAS II). The
DDAS II system consists of 128 Marel Co. Model 117-22 amplifiers, an Analogic ANDS 5400 data
acquisition and distribution system, and a Digital Equipment Corp. (DEC) PDP-11/73 computer. For the
smooth hemispherical nosetip studies, a Sun SparcStation 2 computer was utilized. The Analogic system
[unctions as a transient-event recorder in that it acquires, digitizes, and stores the data in real time.
Immediately after each test run, th'e data were transferred to the DEC or Sun computer for processing and
storage.
The Marel amplifiers provide gains up to 1000 for low-level signals, can be AC or DC coupled to the
transducers, and have selectable low-pass filters with cutoff frequencies of 300, 1000, or 3000 Hz. The
Analogic system contains a sample-and-hold amplifier, a 12-bit analog-to-digital converter, and a
4096-sample memory for each channel.
2.2.8 Flow Visualization
Flow visualization in these studies was accomplished via a standard off-axis, Z-type schlieren system,
which uses 16-inch-diameter, f/7.5 schlieren-grade spherical mirrors as schileren heads. A horizontal
source-slit/knife-edge combination provides sensitivity in the vertical plane of 5 arc seconds, with test-
section resolution better than 0.005 inch. A 1.5-microsecond FWHM (full-width, half-maximum) light
pulse was generated from a high-voltage spark in air, triggered close to the end of the steady run time.
The image was recorded on Kodak Tri-X panchromatic film.
Section 3
RESULTS AND DISCUSSION
3.1 INTRODUCTION
The basic objective of this program was to investigate the application of transpiration cooling to allevi-
ate the large heating loads generated by shock/shock interaction on a leading edge. The experimental
program was conducted in two basic research efforts, each of which constitutes a definitive set of studies.
In the first investigation, we studied the aerothermal loads generated in regions of shock interaction over a
highly instrumented smooth 12-inch-diameter hemispherical nosetip. In these studies, we placed the
emphasis on measurements in type III and type IV interaction regions for a range of freestream Reynolds
numbers and Mach numbers to investigate both laminar and turbulent interaction regions.
In the studies of transpiration-cooling effects on the flow structure and heating in shock/shock inter-
action over a 12-inch-diameter transpiration-cooled hemisphere, we first measured the effects of the
intrinsic surface roughness caused by the cooling slots in the model surface on the heating to the basic
hemispherical configuration. Measurements of the heat transfer distribution in type III and type IV inter-
actions were made for a range of blowing rates up to those where large instabilities were observed in the
major flowfield in earlier studies (Reference 14). Again, the measurements were made for a range of
freestream Reynolds numbers and Mach numbers for which the interaction regions, in the absence of
mass addition, were laminar and turbulent.
In the following text, we discuss first the measurements that were made on both the smooth and
transpiration-cooled models in the absence of shock/shock interaction, performed to establish baseline
results. Then, we describe the shock/shock interaction studies on the smooth configuration, emphasizing
transition effects on the heating in type III and type IV interactions. The results of the transpiration-
cooled studies are then presented, and we discuss how blowing influences the structure of the flowfield
and the magnitude and distribution of the heating.
3.2 MEASUREMENTS ON THE SMOOTH AND TRANSPIRATION-COOLED
HEMISPHERES WITHOUT SHOCK/SHOCK INTERACTION
3.2.1 Smooth-Wall Measurements
Measurements of the distribution of pressure and heat transfer were obtained on the smooth hemi-
sphere at each of the test conditions at which the transpiration-cooled studies were conducted. The meas-
ured distributions of heat transfer are compared with the theories of Fay and Riddell (Reference 17) and
Kemp, Rose, and Detra (Reference 18) in Figures 14a and 14b for each of the Mach numbers and
Reynolds numbers at which the transpiration-cooled studies were conducted. Tabulations of the model
configurations and the test conditions at which the studies were conducted are presented in Table 1 and
Table 2, respectively. In general, the measurements are in good agreement with the theories, with the
measured stagnation value being slightly higher than the Fay-Riddell value at the higher Reynolds num-
bers, as has been observed in earlier studies (Reference 13). The correlations of the pressure measure-
ments shown in Figure 15 are well represented by a Newtonian distribution.
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3.2.2 Measurements on the Transpiration-Cooled Model
The measurements on the non-blowing transpiration-cooled nosetip demonstrated, as we had ob-
served in earlier studies (Reference 14) under different freestream conditions, that the intrinsic roughness
of the surface causes a heating enhancement that is greatest at the largest Reynolds numbers. Figure 16
shows the heat transfer rate distributions around the smooth and rough hemispheres for a range of free-
stream Reynolds numbers. We observe that the heating levels on the transpiration-cooled model are
greater than those on the smooth configuration, and that the difference increases with increased Reynolds
number as the thickness of the boundary layer decreases, and as the ratio of slot width to boundary layer
thickness increases.
The effects of the blowing on the distribution of heat transfer over the transpiration-cooled hemi-
sphere are shown in Figures 17 and 18. As we have observed earlier on these configurations for the lower
blowing rates, the heat transfer rate for the stagnation region is increased when the blowing trips the
boundary layer. Downstream on the main body of the hemisphere, the heating is significantly reduced by
blowing, and the heating, both in and downstream of the stagnation regions, is reduced rapidly with
increased blowing, as shown in Figure 17. Tabulations of the model configurations and test conditions are
presented in Table 3 and Table 4, respectively.
3.3 STUDIES OF SHOCK/SHOCK INTERACTION ON A SMOOTH HEMISPHERICAL
NOSETIP
3.3.1 Introduction
This series of studies was designed to provide not only a reference against which to compare measure-
ments on the transpiration-cooled nosetip but also a set of high-quality, high-resolution measurements for
code validation. In this investigation, we obtained sets of measurements for a range of positions of the
incident-shock impingement point to define the distribution of heating and the locus of the maximum
heating points for each of the test conditions that were selected for the transpiration-cooling study. Here,
we obtained a series of shear layer conditions that provided a detailed set of surface measurements for
fully laminar and turbulent interaction regions. These data, along with sehlieren photographs, provide
information necessary for code evaluation. The model configurations and test conditions for these series
of studies are listed in Tables 1 and 2.
3.3.2 Reynolds Number and Mach Number Effects on Shock/Shock Interaction on a Smooth
Hemisphere
The measurements to examine shock/shock interaction on a smooth 12-inch-diameter hemisphere
were conducted for freestream conditions similar to those selected for studies with the transpiration-
cooled model. At each of these conditions, measurements of the distributions of heat transfer and pres-
sure were made for a range of positions of the incident shock to generate a series of distributions from
which to construct the magnitude and location of the point of peak heating. Here, we concentrated princi-
pally on generating type Ill and type IV interactions, because they create the largest heating loads. In
Figures 19 through 23, we have presented distributions representative of the measurements obtained. The
measurements at Mach 12 for a range of Reynolds numbers are presented in Figures 19 through 21 in
order of increasing Reynolds number. At the lowest Reynolds number (TC 3), the shear layers for both
type 1II and type IV interactions remained laminar, as verified by heat transfer measurements in the
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interactionregion.The typeIV interaction,shownin Figure19a,hasa peakheatingratioof 20and
occurscloseto 26° belowthemodelaxis.As the interaction is moved downward, the heating decreases
until, for angles of 35 o and below, the interaction changes to a type III, as shown in Figure 19b. The locus
for peak-heating points for test condition 3, shown in Figure 19c, illustrates that the maximum peak
heating occurs between 20 ° and 25 °. A similar set of measurements at a larger Reynolds number (TC 1)
is shown in Figure 20 (a through c). For the type IV interaction (shown in Figure 20a), it is clear that the
peak-heating ratio is increasing with Reynolds number, and we observe a rapid decrease in heating when
the interaction is moved in either direction away from the 20 ° to 23 ° region. As the interaction moves
downward, it changes to a type 1II interaction with peak heating ratios of 14 (Figure 20b). The locus of
peak-heating points for test condition 1 is shown in Figure 20c. At the largest Reynolds number (TC 2),
where we believe the shear layers were turbulent, based on heat transfer data, the measurements pre-
sented in Figure 21 (a through c) show an interesting change. In addition to a significantly increased
peak-heating ratio (>30), the angle at which the peak heating occurs is now slightly below 30 °. When the
interaction changes from type IV (Figure 21a) to type III (Figure 21b), as the interaction is moved below
37 o, the peak-heating ratio (20) is 60% greater than the measurements at the lower Reynolds numbers, as
can be seen by comparing Figure 20b with Figure 2lb. This is also true at lower angles, as illustrated in
Figure 22, where the measurements from the three sets of test conditions are plotted together. Plotting the
peak-heating measurements for type 1II and type IV interactions in terms of the shear layer Reynolds
number (defined in Reference 3), as shown in Figure 23, it can be seen that there is a Reynolds number
variation that suggests transition in the shear layer influences both type III and type IV interactions. While
it is clear that turbulent reattachment heating ratios should be greater than the laminar ratios for type III
flows, it is not clear whether transitional type IV interactions have large ratios because of turbulence
enhancement in the jet stagnation region or because a more efficient compression process takes place in
the jet at the larger Reynolds numbers.
Examples of measurements made at Mach 14 and 16 in the studies for the smooth configuration are
shown in Figure 24 (a through d) and Figure 25 (a through c). Both sets of measurements are believed to
reflect fully laminar conditions, and they exhibit trends similar to those found in the "laminar" Mach 12
measurements. However, there appears to be a trend that the heating-ratio increases with Mach number,
as suggested by the predictions of Edney (Reference 1). As we found earlier for fully laminar and turbu-
lent type III interactions, the Morris and Keyes (Reference 19) empirical analysis tend to underpredict the
measurements of peak heating, while the peak-heating predictions are in reasonable agreement with the
measurements for a type IV interaction if a region 8 compression is assumed. Tabulations of the predic-
tions of peak heating using the Morris and Keyes computational model (Reference 19) are presented in
Tables 7 and 8 for the "smooth" and the "transpiration-cooled" studies, respectively.
3.4 STUDIES OF THE EFFECTS OF TRANSPIRATION COOLING ON THE HEAT
TRANSFER IN SHOCK/SHOCK-INTERACTION REGIONS
3.4.1 Introduction
This segment of the experimental program was embarked upon to assess the effectiveness of transpira-
tion cooling in reducing the large heat transfer loads generated in regions of shock/shock interaction.
While a cylindrical configuration is more representative of the practical problems on the cowl lip, it proved
more expedient to employ the existing transpiration-cooled hemisphere (Reference 14) in this initial
investigation. When the results of some of this research were first presented (Reference 6), we did not
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havea comparablesetof measurementson a smoothnon-blowingsphericalconfiguration.We were,
therefore,unableto assesstheeffectsof the intrinsicroughnessof thetranspiration-cooledmodel.Thus,
wefirst comparethe measurementson thesmoothandroughhemisphericalmodelsusedin thisstudy.
Theeffectsof blowingon thedistributionof heattransferon thetranspiration-cooledmodelin thepres-
enceof shock/shockinteractionarepresentedfirstbyshowingtheeffectsof blowingwithfixedincident
shockgeometry,andthenbypresentingmeasurementsfora fixedblowingratewitha variation in position
of the incident shock. Both sets of measurements are combined to demonstrate that (i) surface roughness
has little effect on the peak heating, and (ii) surface blowing has little effect on reducing the peak heating
levels in type III and type IV interaction regions.
3.4.2 Studies on the Transpiration-Cooled Model Without Blowing
This set of measurements was made to provide the base against which to evaluate the effectiveness of
transpiration cooling. Also, by comparing these measurements with the equivalent set on the smooth
model (Figures 20a through 20c), the effects of the intrinsic roughness of the model on interaction heating
can be determined. Examples of the distribution of heating on the transpiration model with blowing are
shown in Figures 26a through 26f. When the interaction is placed close to the axis of the hemisphere
(Figure 26a), there is relatively little enhancement. However, as observed on the smooth hemisphere
(Figure 20a), heating-enhancement factors of close to 20 are generated (Figure 26b) when the type IV jet
is incident close to 20 ° from the axis of the model. In slight contrast, the rough-wall heating-enhance-
ment ratio remains relatively high until the impingement point drops below 40 ° . Possibly, the surface
roughness has induced transition on the model's surface. The broad locus of the peak-heating values
between 20 ° and 30 ° from the model axis is similar in shape to the measurements at test condition 3,
shown in Figure 22, where we believe the shear layers to have been turbulent. Comparing the sets of
measurements shown in Figure 20c with those in Figure 26f in Figure 27, it is clear that the peak heating
for type IV interaction is relatively uninfluenced by surface roughness, while heating-enhancement factors
for the type III interaction are increased by roughness, possibly as a result of transition.
3.4.3 Studies of Surface Blowing Effects on Shock/Shock-lnteraction Heating
The effects of surface blowing on interaction heating are demonstrated first by presenting sets of
measurements for a range of blowing rates with a fixed shock-generator geometry. We then present the
measurements obtained at a fixed blowing rate for a range of model geometries.
Positioning the interaction at 20 ° below the axis of the model without blowing, we see in Figures 28a
through 28f that the effect of blowing is basically to move the interaction downward from the model
axis--an effect that results from the displacement of the bow shock away from the hemisphere in response
to an increased volume of gas in the shock layer. As was observed in the zero-blowing studies, the im-
pingement heating does not-decrease appreciably until the interaction drops 40 ° below the axis, as illus-
trated in Figures 28e and 28f. If the interaction is positioned on the axis of the model without blowing, the
effect of blowing is still to move the interaction downward, as illustrated in Figures 29a through 29e.
Comparing the measurements in Figures 26, 28, and 29, it can be seen that the peak heating for the type
IV interaction is not significantly reduced by surface blowing; however, there is a small reduction for the
type III interaction, which is well below the centerline. It is noted here that, for values of the blowing-rate
parameter (2) close to or greater than 0.3, the shock layer is unsteady, and it is difficult to select a
representative distribution of heating.
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In Figures30 (athroughd) and3l (a throughe), weillustratetheeffectsofavariationin theposition
of the incidentshockfor aconstantvalueof blowing.In Figures 30a through 30c, the blowing parameter
is ,;t = 0.2 and the interaction is moved downward, placing it at 10 °, 20 °, and 30 ° below the model axis,
respectively. As the interaction is moved downward to 20 °, the enhancement ratio rises from 10 to 20, a
value close to that for the no-blowing case. The enhancement ratio falls as the interaction is lowered to
30 °, again a value little different than the no-blowing value on the transpiration-cooled nosetip. These
measurements are plotted together in Figure 30d. Finally, we show the measurements for the blowing
parameter 2 = 0.3 and note again that, at this level of blowing, the shear layer is unstable, even in absence
of the interaction, as observed in Reference 14. As the interaction is moved from close to the axis to the
20 ° point, the enhancement ratio increases to approximately 18, a 10% decrease from the no-blowing
ratio. Similarly, when the interaction is moved down to just above 40 °, an enhancement factor of 12 is
approximately 85% of the value in the absence of blowing. These measurements are plotted together with
those for the other blowing rates in Figure 32, which again emphasizes that neither the magnitude nor the
shape of the locus of the heating-enhancement factor is significantly influenced by transpiration cooling.
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Section 4
CONCLUSIONS
Experimental studies have been conducted to investigate the use of transpiration cooling to reduce the
peak-heating loads in regions of shock/shock interaction. The experimental studies were conducted in the
Calspan 48-1nch Shock Tunnel at Mach numbers of 12 to 16 for a range of unit Reynolds numbers from
104 to 10 °. Smooth and transpiration-cooled hemispherical nosetip models, 12 inches in diameter, were
used in the experimental studies, which focused on defining the heat transfer and pressure distributions in
type III and type IV interaction regions. The studies of shock/shock interaction on the smooth configura-
tion demonstrated that transition in the shear layers of both the type III and the type IV interactions
caused an increase in the peak-heating levels. While the rough surface of the transpiration-cooled nosetip
caused enhanced heating in the absence of shock/shock interaction, the peak-heating rates in the interac-
tion region on the uncooled nosetip were not increased by the slotted nature of the surface. Transpiration
cooling was found to significantly increase the size of the shock layer and to move the peak-heating point
around the body. A transpiration-cooling rate of over 30 percent of the freestream maximum flux did not
reduce the peak-heating level more than 10 percent, however the integrated heating loads were reduced.
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Table 1
SUMMARY OF SMOOTH HEMISPHERE STUDY
RUN TC: t
S.G: CONFIGURATION
Mach Re/ft Lip Rad. A* B*
(inches) (inches I (inches)
3 1 12.1 3.8E+05 -
4 3 11.9 1.9E+05 -
5 5 14.8 5.4E+04 -
8 1 12.2 3.7E+05 5/16 9.953 3.359
9 1 12.1 3.8E+05 5/16 10.688 3.375
10 1 12.1 3.8E+05 5/16 10.343 3.375
13 3 11.9 2.0E+05 5/16 10.484 3.390
14 3 12.0 2.2E+05 5/16 10.765 3.399
15 3 11.9 2.0E+05 5/16 9.921 3.389
16 5 14.6 4.7E+04 5/16 8.718 3.637
17 5 14.6 4.7E+04 5/16 8.312 3.590
18 5 14.6 4.6E+04 5/16 7.765 3.417
26 5 14.6 4.0E+04 5/16_ 6.437 3.264
28 3 11.9 2.0E+05 5/16 8.368 3.193
29 1 12.1 3.9E+05 5/16 8.368 3.193
30 2 12.5 1.6E+06 5/16 8.368 3.193
31 2 12.6 1.5E+06 5/16 8.220 3.133
33 2 12.6 1.6E+06 5/16 8.947 3.187
34 2 12.6 1.6E+06 5/16 8.593 3.184
35 4 16.3 4.9E+05 5/16 7.906 3.411
36 4 16.2 4.9E+05 5/16 7.368 3.409
37 4 16.3 4.9 E+05 5/16 6.922 3.266
38 1 12.1 3.7E+05 5/16 7.389 3.374
39 1 12.1 3.6E+05 5/16 8.168 3.418
43 2 12.5 1.4E+06 5/16 8.761 3.402
44 2 12.5 1.5E+06 5/16 8.480 3.431
45 2 12.5 1.5E+06 5/16 8.052 3.404
49 2 12.5 1.4E+06 , - -
50 4 16.2 4.3E+05
53 2 12.5 1.4E+06 -
tTest Conditions (Tcs) (Re/Moo Pairings) Are Shown In Figure 4a.
*Refer to Figure 9.
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Table 3
SUMMARY OF TRANSPIRATION-COOLED HEMISPHERE STUDY
RUN
4
5
6
7
9
10
13
14
15
16
17
18
19
2O
21
22
23
24
25
27
28
29
3O
31
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54:
55
56
57
58
60
61
82
TC 1 Mach Relft _.
1 12.1 3.3E+05 0.07
1 12.1 3.2E+05 0
1 12.1 3.3E+05 0.08
1 12.1 3.3E+05 0,12
1 12.1 3.3E+05 0.16
1 12.1 3.1E+05 0.15
2 12.6 1o5E+06 0
2 12.6 1.5E+06 0.06
2 12.6 1.3E+06 0.06
1 12.1 3.2E+05 0
1 12.1 3.1E+05 0
1 12.1 3.3E+05 0
1 12.1 3.1E+05 0
1 12.1 3.2E+05 0,12
1 12.1 3.0E+05 0.17
1 12.1 3.1E+05 0
1 12.1 3.1E+05 0
1 12.1 3.0E+05 0
1 12.1 3.1E+05 0
1 12.1 3.4E+05 0.15
1 12.1 3.4E+05 0.20
1 12.1 3.4E+05 0.26
1 12.1 3.5E+05 0,31
1 12.2 3.6E+05 0
1 12.2 3.6E+05 0.19
1 12.1 3.5E+05 0.31
1 12.2 3.5E+05 0.36
1 12,2 3.6E+05 0
1 12.2 3.5E+05 0
1 12.2 3.6E+05 0
1 12.2 3.5E+05 0
1 12.2 3.4E+05 0
1 12.2 3.3E+05 0.20
1 12.2 3.5E+05 0.31
1 12.2 3.5E+05 0.36
1 12.2 3.3E+05 0
1 12,2 3.2E+05 0.20
1 12,2 3.4E+05 0.32
2 12.6 1.3E+06 0
2 12.6 1.3E+06 0.06
3 12.2 2.0E+05 0
3 12.1 2.1E+05 0
3 12,1 2.0E+05 0.20
3 12.2 2.1E+05 0.24
3 12.2 2.2E+05 0
1 12.1 3.2E+05 0
1 12.1 3.3E+05 0.39
1 12,1 3.4E+05 0.30
1 12.1 3.4E+05 0.34
1 12.2 3.5E+05 0.28
4 16.1 3.2E+05 0
5 15.3 6.3E+04 0
1 12.1 3,1E+05 0
S.G. CONFIGURATION
Lip Rad. A* B*
(inches I (inches) (inches)
flat 11.860 3.121
flat 10.360 3.121
fiat 9.375 3.295
3i8 9,375 3.295
fiat 9.375 3.295
flat 9.375 3.295
5116 9.375 3.295
5116 9.875 3.295
5/16 10.375 3.295
5116 10.875 3.295
5116 9.375 3.295
5116 9.375 3.295
5116 9.375 3,295
5116 9.375 3.295
5/16 9,575 3.295
5/16 9.128 3.338
5116 9.128 3.338
5/16 9.128 3.338
5/16 9.128 3.338
5/16 9.728 3,338
5116 11.428 3.338
5116 8.636 3.425
5/16 8.636 3.425
5116 8.636 3.425
5116 8.636 3.425
5116 8.636 3.425
5/16 8.143 3.512
5116 8.143 3.512
5116 8.143 3.512
5116 9,728 3.338
5116 9.728 3.338
5/16 10.428 3.338
5/16 9.128 3.338
5/16 9.128 3.338
5/16 9.128 3.338
5/16 10.028 3.338
5116 9.128 3.338
5116 9.128 3.338
5/16 8.636 3.425
5/16 8.636 3.425
5116 8.143 3.512
5/16 8.743 3.512
5116 8.743 3.512
'Test Conditions (Tcs) (Re/Moo
Refer to Figure 9.
Pairings) Are Shown In Figure
lg
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Table5
SUMMARYOFGAGEPOSITIONSONSMOOTHHEMISPHERE
GAGE
(degrees)
tt tit
HT1 0.000 9.850
HT2 -2.390 7.460
HT3 -5.300 4.550
HT4 -8.800 1.050
HT5 -13.35 -3.500
HT6 -15.37 -5.520
HT7 -17.23 -7.380
HT8 -21.49 -11.64
HT9 -22.01 -12.16
HT10 -22.38 - 12.53
HT11 -22.90 -13.05
HT12 -23.28 -13.43
HT13 -23.72 -13.87
HT14 -24.25 -14.40
HT15 -24.62 -14.77
HT16 -25.14 -15.29
HT17 -25.59 -15.74
HT18 -26.11 -16.26
HT19 -26.56 -16.71
HT20 -27.01 -17.16
HT21 -27.45 -17.60
HT22 -27.90 -18.05
HT23 -28.35 - 18.50
HT24 -28.80 -18.95
HT25 -29.24 -19.39
HT26 -29.54 -19.69
HT27 -29.84 -19.99
HT28 -30.14 -20.29
HT29 -30.36 -20.51
HT30 -30.66 -20.81
HT31 -30.89 -21.04
HT32 -31.18 -21.33
HT33 -31.48 -21.63
HT34 -31.78 -21.93
HT35 -32.23 -22.38
GAGE
(degrees)
HT36 -32.68 -22.83
HT37 -33.12 -23.27
HT38 -33.57 -23.72
HT39 -34.02 -24.17
HT40 -34.54 -24.69
HT41 -34.91 -25.06
HT42 -35.44 -25.59
HT43 -35.88 -26.03
HT44 -36.41 -26.56
HT45 -36.85 -27.00
HT46 -37.30 -27.45
HT47 -37.75 -27.90
HT48 -38.20 -28.35
HT49 -38.64 -28.79
HT50 -39.09 -29.24
HT51 -39.54 -29.69
HT52 -44.54 -34.69
HT53 -48.19 -38.34
HT54 -52.45 -42.60
HT55 -57.74 -47.89
HT56 -64.23 -54.38
HT57 2.24 12.09
HT58 4.48 14.33
HT59 7.01 16.86
HT60 9.85 19.70
HT61 2.24 12.09
HT62 -2.39 7.46
P1 -23.43 -13.58
P2 -25.89 -16.04
P3 -28.13 -18.28
P4 -30.59 -20.74
P5 -32.97 -23.12
P6 -35.21 -25.36
P7 -37.60 -27.75
P8 -39.99 -30.14
* ANGULAR POSITION FOR RUNS : 3-5, 8-10, 13-18, 43-45, 49, 50, 53
** ANGULAR POSITION FOR RUNS : 26, 28-31,33-39
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Table6
SUMMARYOFGAGEPOSITIONSONTRANSPIRATION-COOLEDH MISPHERE
GAGE #
(de_rees I
HT1 -0.622
HT2 -1.553
HT3 -4.348
HT4 -8.095
HT5 -9.042
HT6 -9.981
HT7 -10.93
HT8 -11.88
HT9 -12.84
HT10 -13.69
HT11 -14.75
HT12 -15.71
HT13 - 16.69
HT14 -17.66
HT15 -18.64
HT16 -19.62
HT17 -20.56
HT18 -21.40
HT19 -22.25
HT20 -23.08
HT21 -23.94
HT22 -24.80
HT23 -25.66
HT24 -26.53
HT25 -27.40
HT26 -28.29
GAGE
Ide,qreesl
HT27 -29,18
HT28 -30.08
HT29 -30.99
HT30 -31.90
HT31 -32.83
HT32 -33.76
HT33 -34.71
HT34 -35.67
HT35 -36.58
HT36 -37.42
HT37 -38.28
HT38 -39.14
HT39 -40.00
HT40 -40.88
HT41 -41.78
HT42 -42.69
HT43 -43.60
HT44 -44.55
HT45 4.348
HT46 8.095
HT47 16.69
HT48 26.53
HT49 35.67
HT50 -54.62
HT51 -61.83
HT52 -69.00
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Figure 12a PHOTOGRAPH OF TRANSPIRATION-COOLED SURFACE
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EXPERIMENTAL
MACI! = 12.0
Re/Ft = 2.0 X l0 s
MORRIS AND KI,_YES CODE (REF. 19)
@ TYPE ii!
[] TYPE IV
40
2O
(ipeak I(to FR
30 -
10
RUN 15 : REGION 8
RUN 15 : REGION 7
lllw i i
15
&
13
14 & 28
A A
RUN 13 : TURBULENT
RUN 13 : LAMINAR
0 I I I I ,
-50 -40 -30 -2O - 10 0
0, Angular Position Relative to Stagnation Point (degrees)
Figure 19c VARIATIONS OF PEAK HEATING WITH ANGULAR POSITION OVER A sMOOTH HEMISPHEFIE _
OF A LAMINAR INTERACTION FOR MACH 12.0 AND Re/Ft = 2.0 x 10s
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[] EXPERIMENTAL
MACH = 12.1
Re/Ft = 3.8 X 105
MORRIS AND KEYES CODE (REF. 19)
TYPE lIl
TYPE IV
4O
3O
¢lpeak /qOFR
2O
I0
RUN 8 : REGION 8
RUN 8 :REGION 7
10
[]
8
[]
29
[]
39
[]
RUN 9 :TURBULENT
RUN 9 : LAMINAR
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Figure 20c VARIATIONS OF PEAK HEATING WITH ANGULAR POSITION OF THE INTERACTION REGION
OVER A SMOOTH HEMISPHERE FOR MACH 12.1 AND RelFt = 3.8 x 10 s
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EXPERIMENTAL
MACII = 12.5
RelFt = 1.5 X 10 e
MORRIS AND KEYES CODE (REF. 19)
X TYPE !1I
TYPE IV
4O
3O
Cipeak/Clo FR
2O
10
RUN 30 : REGION 8
RUN 45 : REGION 8
RUN 30 :REGION 7
RUN 45 :REGION 7
044
• 43
• 33
• 45
• 34
RUN 44 : TURBULENT
RUN 44 : LAMINAR
0 I I ,I I
-50 -40 -30 -20 -I0 0
0, Angular Position Relative to Stagnation Point (degrees)
Figure 21c VARIATIONS OF PEAK HEATING WITH ANGULAR POSITION OF A TURBULENT INTERACTION
OVER A SMOOTH HEMISPHERE FOR MACH 12.5 AND RelFt - 1.5 x 10e
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Figure 22 VARIATIONS OF PEAK HEATING WITH ANGULAR POSITION OF THE INTERACTION REGION
OVER A SMOOTH HEMISPHERE FOR MACH 12 AT VARIOUS REYNOLDS NUMBERS
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÷ EXPERIMENTAL
MACI1 = 14.6
Re/Ft = 4.7 X 104
MORRIS AND KEYES CODE (REF. 19)
TYPE Ill
[] TYPE IV
4O
3O
Clpeak /Clo FR
2O
10
RUN ! 8 : REGION 8
RUN 26 : REGION 8
RUN 18: REGION 7
RUN 26: REGION 7 16
+
17
+
18
+
26
+
RUN 17 : TURBULENT
RUN 17 : LAMINAR
0 I I I I
-50 -40 -30 -20 -10 0
0, Angular Position Relative to Stagnation Point (degrees)
Figure 24d VARIATIONS OF PEAK HEATING WITH ANGULAR POSITION OF A LAMINAR INTERACTION
OVER A SMOOTH HEMISPHERE FOR MACH 14.6 AND Re/Ft = 4.7 x 104
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X EXPERIMENTAL
MACII = 16.3
Re/let = 4.9 X 105
MORRIS AND KEYES CODE (REF. 19)
I_ TYPE IV
50
4O
30
¢lpeak /qo FR
2O
10
RUN 37 : REGION 8
RUN 35 : REGION 8
RUN 37 : REGION 7
RUN 35 : REGION 7
.m
35 36
X X
37
X
-50
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0, Angular Position Relative to Stagnation Point (degrees)
Figure 25c VARIATIONS OF PEAK HEATING WITH ANGULAR POSITION OF A LAMINAR INTERACTION
OVER A SMOOTH HEMISPHERE FOR MACH 16.3 AND RelFt = 4.9 x 105
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Rough
_] EXPERIMENTAL
MACH = 12.1
RelFt = 3.1 X 10 e
X=0
MORRIS AND KI,_YES CODE (REF. 19)
TYPE Ill
TYPE IV
3O
Clpeak /Cio FR
2O
10
RUN 37 - REGION 8
RUN 31 - REGION 8
25
el
RUN 37 - REGION 7
RUN 31 - REGION 7
38
el
24
el
23 372231
el el elel
36
el
RUN 25 - TURBULENT
RUN 38 - TURBULENT
RUN 25 - LAMINAR
RUN 38 - LAMINAR
0 I I I I
-50 -40 -30 -20 -10 0
0, Angular Position Relative to Stagnation Point (degrees)
Figure 26f VARIATIONS OF PEAK HEATING WITH ANGULAR POSITION OF THE INTERACTION REGION
OVER A TRANSPIRATION-COOLED HEMISPHERE FOR BLOWING PARAMETER, k = 0, AT
MACH 12
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Smooth Rough
[] EXPERIMENTAL
MACI! = 12.1
Re/Ft = 3.8 X 106 , 3.1 X 105
k=0
MORRIS AND KI,_YES CODE (REF. 19)
2_ TYPE III
TYPE IV
4O
30
Clpeak /(io FR
20
Figure 27
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RUN 37 - REGION 8
RUN 31 - REGION 8
25
m
RUN 37 - REGION 7
RUN 31 - REGION 7
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RUN 38 - TURBULENT
RUN 25 - LAMINAR
RUN 38 - LAMINAR
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COMPARISON OF THE VARIATIONS OF PEAK HEATING WITH ANGULAR POSITION OF THE
INTERACTION REGION OVER A SMOOTH AND A TRANSPIRATION-COOLED (ROUGH)
HEMISPHERE FOR BLOWING PARAMETER, _ = 0, AT MACH 12
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EXPI_RIMENTAL
MACtI = 12.1
RelFt = 3.4 X 10 e
MORRIS AND KEYES CODE (REF. 19)
TYPE 1II
[] TYPE IV
RUN k
22 0
27 0.15
28 0.20
29 0.26
30 0.31
3O
25
20
¢ipeak /¢Io
FR
15
I0
RUN 22 - REGION 8
RUN 22 -REGION 7
3O
ee
29
[]
28 27
ss el
22
ss
RUN 27 - TURBULENT
RUN 28 - TURBULENT
RUN 29 - TURBULENT
RUN 30 - TURBULENT
RUN 27 - LAMINAR
RUN 28 - LAMINAR
RUN 29 - LAMINAR
RUN 30 - LAMINAR
0 | I I I
-50 -40 -30 -20 -10 0
O, Angular Position Relative to Stagnation Point (dcgrees)
Figure 28f VARIATIONS OF PEAK HEATING WITH ANGULAR POSITION OF THE INTERACTION REGION
OVER A TRANSPIRATION-COOLED HEMISPHERE FOR VARIOUS BLOWING PARAMETERS, X.,
AT A FIXED MODEL CONFIGURATION AT MACH 12
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EXPERIMENTAL
MACH = 12.1
Re/Ft = 3.4 X l0 B
MORRIS AND KEYES CODE (RI,'F. 19)
TYPE III
[] TYPE IV
RUN
39
40
41
56
42
57
43
k
0
0
0.20
0.30
0.31
0.34
0.36
6O
RUN 40 - REGION 8
5O
4O
qpeak /clo
FR
30 UN 41 - REGION 8
RUN 40 - REGION 7
2O
- REGION 8
!0
0 I
-50 -40
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ee
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42B
ee
I I
-30 -2O
56
ee
41
ee
RUN43 - TUR_LE_
m m
RUN 43- i,AMINAR /
I
-I0 0
O, Angular Position Relative to Stagnation Point (degrees)
Figure 29e VARIATIONS OF PEAK HEATING WITH ANGULAR POSITION OF THE INTERACTION REGION
OVER A TRANSPIRATION-COOLED HEMISPHERE FOR VARIOUS BLOWING PARAMETERS, k,
AT A FIXED MODEL CONFIGURATION AT MACH 12
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[] EXPERIMENTAL
MACI! = 12.1
Re/Ft = 3.4 X 105
X =0.20
MORRIS AND KEYES CODE (REF. 19)
TYPE Ill
'(_ TYPE IV
3O
25
2O
Cipeak /tie
FR
15
10
RUN 41 - REGION 8
33
ee
28
ee
RUN 41 - REGION 7
41
RUI_ 28- TURBULENT
RUN 28 - LAMINAR
0 I I I I
-50 -40 - 30 -20 - ! 0 0
0, Angular Position Relative to Stagnation Point (degrees)
Figure 30d VARIATIONS OF PEAK HEATING WITH ANGULAR POSITION OF THE INTERACTION REGION
OVER A TRANSPIRATION-COOLED HEMISPHERE FOR BLOWING PARAMETER, k = 0.20,
AT MACH 12
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[] EXPERIMENTAL
MACll = 12.1
RelFt = 3.5 X 105
k = 0.31
MORRIS AND KEYES CODE (REF. 19)
A_ TYPE I11
3O
25
2O
¢ipeak /(Io
FR
15
10
30
[]
34
el
42
el
RUN 42 - TURBULENT
RUN 34 - TURBULENT
RUN 30 - TURBULENT
RUN 42 - LAMINAR
RUN 34 - LAMINAR
RUN 30 - LAMINAR
B
0 I I t I
-50 -40 -30 -20 -10 0
e, Angular Position Relative to Stagnation Point (degrees)
Figure 31e VARIATIONS OF PEAK HEATING WITH ANGULAR POSITION OF THE INTERACTION REGION
OVER A TRANSPIRATION-COOLED HEMISPHERE FOR BLOWING PARAMETER, k -- 0.31,
AT MACH 12
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Mach
Re/Ft =
12.1
3.5 x 10 a
Sym k
Smooth Rough
&
0
0.20
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2O
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qpeak /q°FR
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Figure 32
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0, Angular Position Relative to Stagnation Point (degrees)
VARIATIONS OF PEAK HEATING WITH ANGULAR POSITION OF THE INTERACTION REGION
OVER A SMOOTH AND A TRANSPIRATION-COOLED (ROUGH) HEMISPHERE FOR VARIOUS
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Appendix A
SMOOTH HEMISPHERICAL STUDY DATA
Test Conditions, Heat Transfer and
Pressure Measurements, Schlieren Photographs,
and Reduced Data Tabulations
A-!
2Test CondLtlons
Po 7.]580X20+2 PSZA
Ho 1.4eB4X10+? {Ft/sec)2
To 2.2874X10+3 degR
M = 12.1270
U 5.3_22X_0+3 Ft/aec
T _.8847X10+l degR
P 4,3015X10-3 PSZA
Rho - 4.4233X10-6 Sluqs/rt3
M_ 6.2628XlO-B SlugslPt-sec
Re 3.7943X10+5 l/Pt
Po' - 8,2895X10-1 PSIA
Q - 4.4327X10-1 PSIA
MI - 2.9616
Hw - 3.2956X20+6 (Pt/sec) 2
CP£ - 2.2560 I/PSIA
CHf - 2.8204X20-3 rc2-slBTU
OoF_= 5.8102 BTU/Ft2-s
Reservoir Tctel Pressure
Reaervolr Total £nthslpy
Reservoir Total Temperature
Preestream Mach Number
Freestream Velocity
Preeatream Temperature
rreestream Static Pressure
Preestresm Density
Preestream Viscosity
Preestream Reynolds Number
Pitot Pressure
Dynamic Pressure (Rho U_2/2BB)
Shock Tube Zncident Shock Mach N_ber
Wal2 £nthelpy (Cp Tw)
Pressure to CP factor {l/O)
Heat Rate to CH fsc:or (??8/(Rho U (Ho-Hwl)
Fay-RiOOe21 Heat TransFer {l.O0' Diem Sphere)
Run 3
A-2
_m
O
mo.
4_
3 m
0
-?0
I
-60
×
X
)<
I I I I I
-50 -40 -30 -20 -I0
Angular Pos_N0nRe_velo _agnalcnPo4_ (deg*ees)
HE::_T _ vs C,a_qe Pou,L,on
R_n 3
X X
X X
wx_
I
10
.6
.5
.4
.3-
.2--
.1
.0
40
I
-3S
I I t 1 I
-36 -34 -32 -30 -28
NqJarPomonl_aUvemSmgna_cnPo_(clegme$)
luq_$S..Jl_ vs C_uqe Pos,t,on
R_ 3
I I I
-26 -24 -22
A-3
Test Conditlons
Po 3.5000XI0÷2 PSIA
Ho 1.5138X10.7 (Ftlsec)2
To 2.3128XLO+3 degR
M = 11.9290
U 5.4149XI0.3 Ft/sec
T 8.2786X10÷i degR
P 2.3252XI0-3 PSIA
Rho - 2.2773X10-6 Siuqs/Ft3
Mu 6.5699XI0-8 Sluqs/Ft-sec
Re 1.8769XI0.5 11Ft
Po' " 4.335_XI0-I P$1A
O 2.3184XI0-I PSIA
Hi 3.9776
Hw 3.284%X10+6 (Ftlsec) 2
CP_ = 4.3131 I/PSIA
CH_ - 5.3228XI0-3 Ft2-s/BTU
QoFR- 4.2945 BTUIFt2-S
Reservoir Total Pressure
Reservoir Total £nthalpy
Reservoir Total Temperature
Freestresm Msch Number
Freestream Velocity
?reestzeam Temperature
Freestream Static Pressure
Preestresm Density
Preestream Viscosity
Freestream Reynolds Number
Pitot Pressure
Dynamic Pressure {Rho U_2/288)
Shock Tube Incident Shock Mach Number
Wall Enthalpy (Cp Tw)
Pressure to CP factor {l/Q}
Heat Rate to CH factor (778/(Rho U (Ho-Hw])
Fay-Riddell Heat Transfer (i.00' Diam Sphere}
Run 4
A-4
C)
.o'
o
3 ¸
2_
m
0
-?0
.3_ --
.30--
.25
.20
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.10--
.O5
.00
-40
x
x
x
I
-60
I
-38
x
××
X
×
XxX
X X
X
I 1 I I I
-50 -40 -30 -20 *10
/wg_arPos*l,_Re_1*ve _ SWgnal_nP'o*m (Oegr_s)
_,'IE_T _ vs C,a_qe Pos*t,on
R_n
I
10
I i I 1 1 I
-36 -34 -32 -30 -28 -26
Angular Posd*0n Reml_,ql m _agnm,_ Poml (degr_s)
R=_Sc_-F_ vl C_qe Pos*L*on
Run q
I
-24
I
*22
A-5
Test Conaitions
Po 3.1260Xi0.2
Ho 2.0411Xi0+7
To 3.0e33X10*3
H - 14.7460
U 6.3259X10_3
T 7.3940X13-I
P 4.5363XI0-4
Rho - 4,9744XI0-7
MU 5.8832X10-8
Re 5.3514XI0÷4
PO' - 1.2926XI0-I
Q 6.9117XI0-2
Ml 3.5963
Hw 3.2595XI0÷6
CPf - 1.4468XI0+I
CHf - 1.4409X]0-2
QoFR- 3,4783
PSIA
{Ft/sec)2
deqR
Pt/sec
deqR
PSIA
Sluqs/Pt3
Sluqs/Pt-sec
I/Ft
PSIA
PSZA
_Ft/secl2
1/PSIA
Vt2-slBTU
BTU/Ft2-s
Reservoir Total Pressure
Reservoir Total £nthalpy
Reservoir Total Temperature
Freestreem Mach Number
Freestleam Veloclt_
Freestream Temperature
Preestream Static Pressure
rreestream Density
Freestreem Viscosity
?reestreem Reynolds Number
Pitot Pressure
Dynamic Preseure (Rho _'2/2881
Shock Tube Incident Shock H_ch Number
Wall Enthelpy {Cp Tw)
Pressure to CP factor {l/Q)
Heat Rate to CH factor {77B/(Rho U (Ho-Hw}}
Fsy-Riddell Heat Transfer (1.00' Dtam Sphere)
Ru_ 5
A-6
3.0
2.5
2.0
t
°_ I .5 -
.5-
.0
-70
.09 --
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-60
x
X
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x
X
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x
× x
x
x
I 1 I I |
-50 =4G -30 -20 -]0
Ar_.ularPo_onRelal,_ to _a0m_l_Po_nl(de_'ees)
I-EZAT _ vs _i_qe Pom,t,on
_o_ g
I I
0 10
&,
o.
.08 --
.0'7
.06
.05
.04 ¸
.03 -
.02 -
.01 -
.00
-40
I
-38
x :I:
I I I I I
-36 -34 =32 -30 -28
l:=q=IE_ vs C_a_qe Pom,L,o_
R_ 5
I
-26
I
-24
I
-22
A-?
Tllt CO_OIL_OnI
PO ° 6.414_XI0+2 PS_A
HO " 2.4_2)_0,? (Tt/leC_2
To - 2.164_XZ0+_ OegR
U ° $,2_IGXI0+3 ft/sec
T - 7.4490xI0,I _ngR
p ° 3.|3t_X2Q-_ PSZA
H_ ° _.0231XI0-I $_ugl/Pt-le¢
_e - ),&9_SXl0+_ I/ft
po ° - _.¢2?_XI0-! PSIA
Q - J.9?ZIX_O-I P$_A
ML - 2.1465
CNr ° 3°_$_XI0-3 F_3-S]D_U
Hoof; PlrameLIr vl_e
A ° see i_ock genQ_a_o_ OLlg_ ll_c_eil 9._
D - lee i_oc_ _e_er_to_ o_aq_ I_c_esl _.3_9
R_n 8
A-8
OI;:
I
.o'
o.
120 --
100 --
BO =
6O
40 ¸
20-
0
-70
3.0
].._-
1.0-
.5-
.0
-4
"v
x
I
-60
)_ )_
I ! I I
-.',0 -40 -30 -20 -10
Aa_,ula_' Posn_"t Relabve to Stagnal_on Po_rd (Oegrees)
HF_.J_T TFW:IN_I_t _s Gauge Pos, t , o_
R_m 8
P: > X ×X×
I 1
× ×
x
I
-38
1 I I I 1
-36 -34 -32 -30 °28
F=F:Ec_J:iE vs _qe Pos,t_om
I
10
I I I
-26 -24 -22
A-9
rW j -,T.- 1
B.t,,ACK AND WH_,_-. PHOTUGR#daH
Test Con_Lt&o_i
Po - 9.0_40X_D°_ pSIA
Hu - _.41UJX10_l (ILt_2
TO " 2.2619XI0"3 aeg@
m - 12.132_
U ° _.3403X_0.3 Ft/sec
F - 4.211gX_0-3 PSXA
Rho - 4,3|69XI0-6 S_gs/Ft3
0 - 4,3440X1_-_ PS1A
ml - 2.93_2
H. " 3._763X10_6 IF_lsecl_
CPf " 2,3020 I/PS:A
C_f ° _,BOS2X_O-_ FI2-s/BT_
QoFR- S.6_B3 BT_/_L2-S
_esetvo_ Tot_l PreJsure
_vservo_r Total £mtm4;py
@ele_v_r To_ Temp_ca_utm
F_eest_asm kt_¢h N_d_e_
rrmgstresm Ve_ocl&y
F_emstr_m _mm_$r_&_r_
_ree_t_esm Static _ems_e
Freomtteam De h_l_y
r_eest_e_m V_mcos_ty
Froe_t ream Reynolds Number
Dy_mlc Ptelu_:e (R_o U*2/_tBI
Wal! Emt_lpy ICp _.J
Press_:e to CP _actor (I/QI
F_y-_a_ell _Q_t Tr4m_er II.C0' D_am SpmQrel
HoOe; Parameter VaAue
8 - sme mhO¢_ _emerato_ O;_ra_ (_r_hel_ 3.37_
A-IO
I
*o'
#
Q
7O
60
5O
40 ¸
30-
20
]0.
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-'tO
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2.5
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I
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/_lular Posl,IIOnRelaln,,eIo Sl=_ultton Point (Oegrees)
_ vs GauQe Pom*t,on
x
x
I I l I I
-36 -34 -32 -30 -28
AnguCarPo=_onRe_Welo StagnationPomt(Oe_ees]
iDRE_$S-IRE_ vs G=_qe Pos,L,on
I=bJn 9
I
-26
)" Xx_X
X X X
I f
0 I0
I
-24
I
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A-11
_IL.,ACK t--,N:_ Wr::"_ "_lr_'r_¢,',,,-_',,,
_es_ Cono_tlo_$
To - 2,236_X20o3 a_g_
M - 12._420
• b._2_Tx_°3 rt/se_
p - 4._B3_Xl_-} pS;A
C_f ° 2._4_6X;C-_ Ft2-s/BTv
_eservo_t Toca_ Pressure
Eeservo_t T_a. E_tra,py
keservo_ T_ Te_perst_re
_rle_rea_ M4C_ _._De_
_eo_ttea_ Ve,_c_y
Ftems_e_ Tempe_r_
Frees_rea_ $_t1_ F_e$_.re
F_ee_t_e_ Density
F:ees_fea_ V_sco|_y
P_to_ Press.re
Pres_e to CP f4ctot {;/_I
Mooe_ Parameter Va._e
A - see s_o:_ ge-e_a_o_ d;_a_ I_c_es_ _._
- see snoc_ genez_¢r _:a_ram I;_cr_$_ _._
A-12
120 --
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5 1
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× x
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Angular Pos#_onRe_t_ve_Sta_lmnPolm (Oegrees)
HEAT TRRNgF1E_ vs _u,c)e Pos,t_on
Finn I0
>" x X XXX X X
I I
0 10
I
-36
I I 1 I I
-36 -34 -32 -30 -28
Ar,gu_r Por,tten Relative to Su=gmmon Poinl (0egrees)
F=FIE_C:Gg..IF::IEvs _eu_o Pos,t,on
R_n 20
X
X
I 1 I
-26 -24 -22
A-13
BLACK AP4'D WHiT':. +_+4'-_-r')GRAPN
Tell Co_d[_lO_J
Po " 3.e0:_x;:o2 PsIA
TO - 2.30_X_'3 degR
N - 11.g12_
- _,4894X;='3 r_/SeC
T - I.S32IX;:.1 degB
p . 2.$342X;=-3 PStA
R_o - 2.¢_|2X::-t sluqs/r_3
M; - i. TiTsx;0-1 S_.g|/F_-slc
Re " 1.9S]4X10.$ 1/F¢
Po' - 47122X22-2 PSZA
G - 2$1g_X_:-; _SZA
_ - 3.C394
CP_ - 3.96iT _/PS:A
CH_ " 4.79_IX_-3 r_2-s/STu
_ofR" 4.645§ BTU/f_2-I
JlSetVo|t TO_il |_lll_te
ResetvoLt Total En_ha_py
Re|lrvoLr TO_&I Te_peta_te
Free|_relm Hath M_Det
Ftee|_relm Vlloc_y
Ftee|_Felm Tl_peti_e
rrlel_telm S_l_lc _relsurl
r_eel_teim Devilry
rtles_tei_ V_lcosl_y
rttesttei_ Rey_o_UI N_.,_De_
P_O_ Ptesl_tl
Dy_lm_¢ Pte|l_te IRho U'2/2|0)
Shocl TuDe _cldl_ $_ocI Ha c_ N_r_Det
NaIL £n_a_py (Cp Tv)
Ptessm+e _o CP _lc_oP I;/q]
HIi_ _l_l _0 CH _i¢_OT (TTI/tP_ U (HO-HVl)
PIy-RLddIIL HO4_ Trl_l_l_ (I,_C' D_ Sp_etl)
A - see i_oct ge_e_l_or dla_l_ (_c_e|) _0.4B4
I ° lee s_ocl qe_etl_o_ _lqtim (_nche|) 3.3_
;a.,r :3
A-14
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Run 13
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Angula, Posa,_Re_llve_,_lagnllt_onPoinl(cllgtees)
I=¢_Sg.J:iE vs C_gm I:_s,L,o_
× ×
1 I I
-26 -2¢ -22
A-1S
I:_iLACK A[',I9 WHiT _. '_';TOGRAPH
Till Conl|t|Onl
PO - 3.1_10X10-_ PS1A
No - 1.4S_XI0,T Igt/llc)2
To - 2.261_X10t3 degi
M * 11.S63G
- S.$;IOK;0,; re/sic
T - 1.93eex;0*l aeg_
P ° 2._024X10-) PSIA
Rho o 2._bb4Xl0-t S_gI/FC]
N_ ° 6.30S_X|0-1 Sl_gs/f:-sec
PO' " 4.i_21X_0-1PSIA
Q - 2.S093X_0-1 PS1A
M_ - 2.941_
Hw - $.26_&X10,_ 4FL/IIC)2
CPt o 3.0451 I/PS_A
CH| - S.0bO1Xl0-3 Ft2-l/BTU
_OrR- 4,2t)4 BTU/FL2-S
RlllrVO[r Total |rlll_l
Relervo_! To_l_ (ntfliLpy
Rlservolr To_ll TUpO_&_rQ
f_eel_r_a_ H4C_ N6_Nr
frlel_re_ v_ocl_y
Frlei_re4m Temperl_re
grlelt_Q_m $_tlc Prels_rl
Frels_ream O_lnll_y
r_ee|_rllm V_l¢oll_y
Pl_o_ Pre|su_e
S_OCR T_De _¢lOln_ Shocl Mach _Der
wal_ £nLh_lpy |Cp Tw]
Frlis_re to _ fic_ot (1/01
_eat Ra_e co C_ 18ctor CT_|/I_O U IHO-HV) I
_ay-_l_e;i _eat Tranl_er (_,00' DI4_ Sphere)
Mooe; Parameter Va;de
A ° lee ihoc_ ge_l_ator 014gra_ tl_¢_e$1 10.76_
B o iel Shock gl_lfa_or o_4Qr_ (l_¢_es) 3.3_9
R:m 14
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I-ID::IT _ vS C_e POS,L:O_
R_ lq
X XXXX X :X
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1._)'
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-40
X
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I
-3B
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-36 -34 -32 -30 -28
Angumr PO_N0n Relml,ve m Slagr_ton Po_ ((legfees)
I=FECSSUI=E vs _m_e Pos,L,o_
× ×
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-26 -24 -22
A-17
BLACK AND WHITe. -_t,.,3TOGR,a_,H
Tes_ Conditions
Po - 3._3CX10.2 PSIA
To ° _,363TX]0+3 aeqk
T * |.41T2XIO,1 4egR
p - 2._10_X10-3 PSI&
RnO - _,4_60X20-6 SJ_s/T=)
N_ - t.tTeoxlo-e SLugs/rt-sec
ae - 1.9012X10-5 1/Ft
Po" - 4.68$3XI0-_ PSIA
0 o 2.SO$4X]O*1 PSXA
M_ " 3.0314
_w - 3.2669X10o_ (F_/sec) 2
CP! - 3,_13 1/PS;A
Uo_'_- 4,b606 mTU/F_2-S
Aesorvolt Total Fress_ro
Reservoir TOPOI £n_tlpy
Re|ervoLt Tota_ Ter_pet_t_te
F[eestrQ4_ 1_4¢h N_be[
Fceos_re4m Velocity
FrQos_[es_ Temperature
_rees_rQ_m S_4L1¢ P_SJS_[e
FresJ_ream Devilry
Fr_e|_reel Viscosity
Free$_re6m Reynolo| N_l_er
Fi_o_ _re$sure
Dynamic Pren|_ro Ik_o U'2/_|OI
S_¢¢k T_be _nclde_ Shoc_ Ita c_ _,ba_
Pressuro _o CP tocLor (1/0)
fay-RlOGell Hea_ Transfer il._C' DLam Spnete)
Mode_ P,_a_tttt Va_ue
A ° see Shoct qe_et6_ot _l_r_ (_c_esl 9.92I
A-18
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Anl_mr F'ostmn _.e m Stave, on _ (cle_ees)
I=Fi£Sg-FI[ vs _qe Pos,t,on
_n t5
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I
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A-19
OR_.":-',L , ,_rZ.
d,LAC,K AND WHITE PHOTOGRAPH
Test Cona$c$ons
Po - 3,3000X10.2
He - 2.2902X10*_
To - 3o3954X10*3
M - 14.6370
U * 6.6809X10+3
T - e.3_OSXlO_l
P - 4.066SXI0-4
Rho - 4.7239x10-7
M_ - 6.6416x10-8
Re - 4._410X10+4
Po' - 1.3662X10-1
Q * 7.3055X10-2
HI - 3.$096
He - 3.2694X10+6
CP! - 1.3608X10.1
CHf - 1.2660X10-2
OoPR- _.Og_g
PSIA
(ft/sec)2
degR
Pt/eec
degR
PSIA
51Ugs/FL3
Sluqs/_t-sec
1/Pt
PSIA
PS_A
(Fc/sec)2
I/PSIA
Ft2-s/BTU
BTU/P=2-s
Model Parameter
Reservoir Tote1 Pressure
Reservoir To_el Enthalpy
Reservoir Tote1 TemperaLure
Freestresm Mach Number
Preeecresm Veloc/t M
Preestreem ?empera_ure
rreestream Ststlc Pressure
Preestreem Density
Preestreim VIscosity
Freestream Reynolds Nun_e,
Pito_ Pressure
Dynamic P_essure (Rho u-2/zee)
S_ock Tube InciOen_ Shock Mach Number
Wall En¢_alpy (Cp Tw)
Pressure to CP lacier (1/0)
Hes_ RiLe to CH tic,or {??e/(Rh© u (XO-Xw))
Psy-RJOdeJ] Heat Transfer |l.OO' Dlam Sphere)
A - see shock qenerator diagram (inches)
B - see shock generator diagram (inches)
Value
0.918
3,63_
Run i6
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AngutarPos_t_ _tfve to Slagc_UOnPo_ (clegfees)
H_C_T _ vi C_Qe Pom,L*on
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1 i I
o lo 20
A-21
_-+ _ r ¸ <
{]LACK AND WHITE PHOTOGR&PH
Tilt CON6|CIOn!
fo o 3.3300XI0+_ PSI&
Ho - 2.3144XIO+T lFL/slc]2
TO " 3.4443XI0+] dlgR
M - 14,6160
U - 6,733SXl0*3 Fillet
T - I.S2T)X_O*I OegR
p - 4.I||SX_O-4 PSIA
Rho - 4.ST$TxIO-? SIu_I/Pt3
M_ - 6.7631X]0-I iAugl/fL-lec
Re - 4.6SS_X10+4 ]trt
Po' - 1.3TigX10-1 FS|&
- 1.3636X10-_ FS|A
Hi o 3.2?00XI0+1 |F_/lecl2
CP_ " X,3512XI0*l 1/FSIA
CHf ° 1.2431X10-2 Pt_'ItBT_
QoP_- 4.1956 ITU/Ft_-i
Rlletvo1: TO_il _+eOl+tl
ReservoL_ To_ll £n_hlIpy
AelervoLr Total T4_plltl_ure
FTeeltrelm mlch M_l_It
Ftell_rel_ Velocity
PFelltre4m Tempa_it _FI
P_eeltFelm Stltlc P_ell_l
rrelltf_l_ Olnl|_y
Ptel|Lrelm VLIcol_ty
r_eestrell_ Reyno141 N_I_D_
P_to_ Pre$|uro
Dy_Imlc Prellurl (A_o U'_/288)
$_cl _ J_cJoenl Shock )_llc_ N+mDllr
_+11 £n_hilpy ICp TV)
Ptellutl _o C+ +lCtOT |ZI{i
_11_ RIll CO CH lictor (TTI/IRhO U IHO-Hi)]
TIy-RLOOILL HII_ T=/_l_Ir 1_,:0' _1_ Sp_ITIi
M¢Oel Plrl_e_er VsXuI
A - lle |hock _ene_l_o: d_agrlm |Inchel) |.3_
| - lee Shocz ge_e_itor _11g_l_ (I_¢_e$) _._90
Rvn 17
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AnguS, Posmon I_m_ve to _gnar, on _ (cl_Qes)
PlqE_$S_IFE vs _qe Pw}s, t, o_
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Freaaura to CP factor (llO)
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Fay-Rfddell HOOt Tranatar (1.00 ° Diem Sphere)
Model Paranmter Value
A - sam shock generator diagram (inches) S.220
B - sea shock generator diagram (Inches) 3.133
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rreaitree_ DeVILry
rree|_relm Vtlcel|ty
rrle|trea_ Reynoldl g_
|l_ot |tailute
_/nl_= |rtllUte Ilho U')I|II]
S_ock Tvl;4 |hcLOant Shock N4¢_ _:_4t
WIL_ (Mt_l_y ({p TI)
P_ell_e tO CP |4Ct0£ (_/Q)
Kaa£ Al:e To CH _4¢to_ (??l/{H_o _ (_O*H_II
Fay*a:_alll Heat T_ans_er (I.00" D_am Sphe_el
_ee_ Pltar_er VaL;e
A - lee |hoc_ _e_e:a_o_ 4L&QFI_ (l_cha|) S._6|
l - lee i_ocx _e_l_a_o_ _LoQra_ (lnc_e|) 3.4_|
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Test CondJtlons
Po - 3.9440X)Ot3 PSI&
Ho - 1.1008X10_7 (Fillet)2
TO " 2.6$BSX)O*3 degR
H - 12.5450
U 5.glSbX1043 Ft/lec
T 8.9334X1041 degR
p i.9029X10-2 PSI&
Rho - 1.7271X10-S Slugalrt3
Hu " ?.OSlOXlO-e 8lugs/re-sot
Re - i.442SX10_t I/Ft
eo ° - 3.9243 PSI&
O - 2.OJJ5 P$IA
HI - 3.2450
Hu - 3.3073X10_6 (rtlsec)2
CP! - 4.7653Xs0-1 X/PSIA
CH| - S.1800Xi0-4 FLI-B/BTU
OoF_- 1.6213XlO+t BTU/Ft 2-s
Reservoir Tots| Prsseure
Reservoir Tots| £nthalpy
Reservoir Tots| TempetRture
Treoetreem I_llCh Number
rreestroan Velocity
FreesLteam _emperdture
FreesLream SLaLIC Pressure
FreosLroem Oenstty
rreescrNm Viscosity
FremJtreen Reynolds Mund_er
PILot Pressure
Dynamic Preseure (She U*2/2SB)
Shock Tube Incident Shock Math N_ber
Mall £nthalpy (Cp ?w)
Pressure to CP fscto£ (l/Q)
Heat ROLe to CH factor (?)Sl(Sho U (Ho-Hw))
Fsy-Rlddsl] Heal Transfer 41.00' Diem Sphere)
Hods1 Perimeter Value
A - lee shock Qene_stor diagram (Inches) 8.741
S - lee shock generator diagram (Inches) 3.402
Sun 43
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O:_;G!NAL P+-_ _.
BLACK AND WHITE ?itOTOGR,_P_
_el_ CO_O_CAOn|
Po - 4.22)_X10"3 PSZA
NO - ;,|1$8X10-? (rt/|RC)2
To - 2.t016X10*] degR
M * ;2,S31_
U - S.S)6?Xl0*] F_lsec
T * 9,0G|OXl0*I _egA
f = Z.O47ZX|O-2 PSZA
Rho * 1.1424XIO-S sl_gs/r_)
Nu * ?.1]92X10-| SIUgSlF_-Ie¢
_e - 1.5322XlO*t 1/rt
PO" " 4.21$l PSIA
Q - 2.2S49 P$IA
M_ m 3.2e§4
Hv * ].2|93X|O*E (Ftlse¢)2
CPt * 4.4J4gX_O-| |/PS;A
CH_ " 4.719|X_0-4 P¢2*IIBT_
_orR- I+699_x_0*_ ITUIF_2-I
Mo_2 PaPlre_ec vl;-e
A ° see l_oc_ Qlnltl_o_ _IQtl_ (_c_es) |,41_
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ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPh
Test Condltlons
PO 4.2000X10_3 PSIA
He 1.8566X10.? (rt/gec)2
TO " 2.7403X10÷3 deer
H - ]2°5]90
U - 6.0061X10+3 Ftlsec
T g.2471X10+l deer
P - 2.0403X10-2 PSI&
Rho = 1.?SSgXl0-S Sluge/FL3
Hu - 7.3261X10-8 SluRe/rt-eoc
Re |.4666X10÷6 l/rt
Fo" - 4.1R04 PSIA
Q 2.2407 PSIA
Hi - 3.3123
llw 3.3017X10+6 (Ft/8oc) 2
OFf - 4.4629X10-1 I/PS|A
CHf - 4.743RX10-4 rt2-slnTU
OoFR- 1.7435X10_1BTU/PL2-S
Reservoir Total Pressure
Reservoir Total Enthelpy
Reservoir Total Temperature
Frooetream_cb Number
rreostrosa Velocity
Preostreom Temperature
rrooetreem Static Pressure
rroeetroen _ensity
rreeet:eem Viscosity
Froeetreem Reynolds Humber
fitot Pressure
Dynamic Pressure (Rho U'2/288)
Shock TuJoe ;ncldent Shock _ch Humber
Well Enthelpy (Cp _)
Pressure to CP factor (1/0)
Heat Rate to CH factor (7?8/(Rho U (Ho-Hw))
Pey-R|ddoll Heat Transfer (1.00' Diem Sphere)
Hodel Parameter Value
A - see shock generator dlsqram [inches) 8.052
B - see shock Qeneretor diaqram (inchesl 3.404
Run 45
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l'es: Conditions
Po " 4.2480X10.3 PSIA
Ho - 1.8090X10.7 (Pt/aec)2
To - 2.7341X10.3 deer
M - 12.5430
U S.O_SSXID+3 Ft/aec
T 9.3739X10.1 deQR
P 2.0265X10-2 FSIR
Rho - 1.7528X10-5 SluqalFt3
Mu - 7.4254X10°8 SlugslFt-sec
Re - 1.4303X1D+6 1/rt
Po ° - 4.1779 FSI_
Q 2.2340 PSIA
HI - 3.2836
Hw - 3.3389X10+6 (rtlsec)2
CP_ - 4.4763X10-111PSIR
CHt - 4.7110X10-4 Ft2-s/BTU
OorR- 1.7747X10,1BTU/Ft2-I
Reservoir Total PrellUr!
Reservoir Total £nthalpy
Reservoir Tote1 Temperature
Freestraem Hach N_mber
rreeatre_: Ve_ocity
r_aeJtream _a_oarature
Freestream Static Pressure
Freeutraam Density
Freestraam Viscosity
TreestreoM Reynolds NU/_DeF
Pltot Pressure
Dynamic Pressure (RhO U'2/280)
Shock Tube IncidenL Shock Hath N_d_ber
Wall Enthalpy [Cp Tw)
Pralaure to CP factor (1/O)
Heal Rate tO CH factor (_78/(Rho U IHo-Hw))
Fay-Rtddell Heat Transfer (1.00" Diam Sphere)
Run 49
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6i..ACK AND V_HLTE pHOTOGRAPH
Tts_ Coh_1_onS
PO " ]._lSOXlO'3 PSIA
NO o 2.]3S4Xt0"1 (r_/sec)2
TO " 3.3510Xt0-$ deql
M - 16,1S70
U " 6.77|_X10"3 f_/sec
T - ?.O?O?XIO*1 deqR
P - $.107SX10-3 PSIA
_o - 3.$134X10-6 Slu_s/r_3
M. - 5.621¢X1_-I Slugs/r_-sec
me - 4._9;Ix10-S 1/rt
to, - %.GE31 PSZA
9 - S.ie46x10-1 PSXA
HV " ].32tSX10+6 (r_/liCI2
:P! - _.?$92 2/PS:A
:Mr * 1.6013XI0-3 r_2*S/BTU
O_t_* _.17)DX10.1 BT_/F:3-J
Re|etvoit Tot4| pressure
ResetvoL: Tosal [_[halpy
Pteel_rllm I_1¢_ M_Der
rtee|_el_ TemlP4[i_ute
rtees_ea_ VSs¢ollty
rtHs_la_ leyho_0$ Mu_et
Wal; _n_hal_y (¢p :v)
HII_ RI_I _0 CH {ac_or (?_II(R_O U (Wo-Wv) l
FIM-R/Odl;L NII_ ?tanl_e: (_.::* D:Im Sp_l_l;
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BLACK AND WHITE "_ ,__ , -,
Po * 4.JCS:X:0*] fS:A
• $.ISSTXI0*3 rt/se¢
T - S,ll¢6Xl¢*$ degR
P - 2,03S2X1C-2 PSZA
_O*- 1.704iXIO-S |_qS/f_3
Mu * ?.i6STX_O*i |l_ql/rt-liC
_e - _,)lilX10*i _IPt
+o' o 4.194+ FS_A
- 2.2421 PS!A
+v - +,+?C_t+++i +P_/StC|P
:P+ - 4.4+1eX10-1 L/+S;A
_+f " +.+++IX]_-+ Pt+-I/ITU
;or_- +.I*+Sxto*X |T+/Pt+-I
A-60
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Gaego LOC. VOLVO T SUE| C.IVgO _OC. VJlVe T Jvr| GdlWll8 INC. VOLVO T |V_f
IAoe_ IOell (ITU/Tt_*_O¢I (l+elJ) LIOeJ 14Ogl (1T_/ft]')l¢l IDelll LIN_ 4t4HII (OTU/Tt]-ILe¢) |DIO_)
ST_t -tt._3 I.+141 0) $11,$0 NT]_ "33,11 4,11_C 01 $]3.41 14_14 °]4.35 }.t]1( 0! $]3.1]
NT_ -$?.74 2.13]( 0l $30.04 HT]4 -It.TO 4.|IS( 0} S]2.Sl MTl3 -)].72 S.ID$! 0) 1)3.34
MT_t *_.4_ ].il0! O| $30.$_ NT)) *)l.ll 1,|$¢(0) ]]3,10 NTL2 *]3,10 1.71]| O) $)3.11
N713 *41.11 ].]|_( 0l I]O.lt N733 -]1.1| 4.711101 ))].}S NTI| -2].N $.011| OJ $}3.21
NT$1 *44.S4 ).iS1111 Ill,IS NTil -i0.ll $,0111 01 i]1.$4 M?10 -1].31 lvl| Null
NT+I -31,+1 4.1111 01 Ill,++ MT]O -]0.11 S,1111 01 i11.11 I_1 -23.01 l+l| lull
XTS0 -31.DI 4.03S1 01 $l|.$1 NTlt -10.ll $.017(0) Ill.N0 M?I -11.41 S.127| II ill.l?
X741 -3i.14 1.1101 0l $3|.I0 Nt)l -]0.14 $o010101 i]3.S+ k_+ -11,1) $,4]11 0l $]2o1|
NT41 -31,30 4.]13| 0l S]|.lS NT}? -31.14 $.317101 $32.71 k_l "11.]+ MULl l+ll
NT4? -]7.71 4.3_0| 0) !}1+|0 NT_6 -19*_4 S.|141 O| 33|.11 Mr3 "L|*]$ t.?t_| 01 I]4.0|
NTII -1T.10 4.i311 01 $32.03 MT]S -21.11 1.1111 01 }]].11 NT4 "l.i0 i.1711 01 i)4.4|
NTIS -11*I) 4,S_OI 0l i1],01 NT34 -21.I0 Null Nv|l NT3 "S,]0 l.llll 0l S]4.SI
hT44 -)k.4: 4.$001 0l S33.04 NT}) -]3.]S S.]l]l 0| ]33°+$ NT3 "3.]1 2.$01| 01 i34.47
NT43 -30.II 4.$I11 01 $3],11 NTI3 *17,I0 0.)141 0l $l?.I] NTil -1.li 1.114111 114.4Z
mr43 -)$.41 4+1)+I Ol 332.11 NT+I -37,41 S.314101 $3),11 N+l .00 1.7131 0l $34.S1
m;4_ -14.11 4.1]i| 01 S33.11 _t]+ -37.01 $.4001 01 $33.11 M+ll 3.]4 1.40]1 0l J)4.)l
mTI+ -34.$4 4,llll 01 S3].11 Ntli -II.$1 $.$411 0l $3].01 NTS+ 1.14 1.$31101 $34.1]
Ht)l -14.03 4.US01 0l $]3.10 Nttl -31.11 $.S011 01 $33.0: NtSl 4.41 1.111| 0] 134.34
x:)l -3).3? 1.1011 0) i11.33 Nil+ -]+.S0 $.1101 01 i33.00 Hi}| 7.01 1.1)01 0l $34.10
mr)+ -3],13 4,1II4 01 $33.10 Mill -30.14 $.$3T1 O) $33.II Nil0 1.IS 1.+101 01 313,04
XT)I -33.11 1.131l OI 113.)3 NTZ$ -14.1] S.$li( 0l 133.05
I+_ } IkOlVll4 D6tl Tlk11LIO"
Glvl* Idle, VllUl T lull Gi+_141 _c. VllUt T lur! Civil be, value + lurl
I.IDII 11001 4_Nlrl}-iOcl IDolNl 1_oeL 44401 llTU/r_2*14¢l lDogNl l_oel 14411 II_U/TL)-IO¢I IDOlil
XT)I -14.31 1.IIII Ol 1]0.01 NT3S -33.33 3.l+ll 01 032o01 NTI4 *24,]1 }.ll+l 0l 133,21
Nt++ -]I.14 1.111101 ilO.l+ Nt]4 -]Z.+I }.11010) $3|.I0 NTll -33,71 4.0111 0l $33.43
mTS4 -$1.4i 1.0111 0| 031.31 NT)3 -}I.41 ],S01101 $33.11 NT12 -1].11 1.0111 0l $35.33
m+S] -¢I.ZI 3.3)01 01 $)L,Sl NT}I -]l.ll ].)3il 01 133,14 NTII -32.10 ],104101 133.2i
mT$3 -14.$I 1.$$01 0l $Jl,10 NT3L -10.11 ).fill 01 $33,10 NTIO -33.31 Null NvJL
mTSL -]1.$4 3.1611 0l $3].3S NT}0 -10.11 1.1001 O| $31.01 MTI -12.01 ivll lLll
NT$0 -)l.0l 2,llil 0| $1].Z] NT}S -}0.]1 ),i4l( Ol )11.11 NTI -11.41 4,]404 O) i)),ll
HT¢I -31.14 ].00110) Ill.)} NT}I -10,11 ),$11| 01 $13.01 NT? -I?.33 4.|$310) Ill.f0
mTll -)I.]0 ].0ill 0l $32.]I NT}? -It,IN 3,1+11 0l $31,91 NTl "IS.3+ 1,I$11 01 $]4.31
m+4+ *30.7$ ].Ol]l Ol $12.)1 NTJi *30.14 ],$$I( Ol $3].II NT$ -13.1S l.l}+l 0l S34,03
NT41 *]?.)0 ].I0110i $32,41 MT)$ -11+34 2,i]14 Ol }}].ll NTI "1.00 4.1Ill O) S]¢.ll
HT¢3 -If,iS NvIL 0vll NT]4 -]l,10 ],TIll Ol 111,02 NT) "2.]0 1.0111 01 S11.1]
m+14 -1t,41 ].15S( OI i32,4+ kt3) -22.3S ].1411 01 $]],t3 NT1 -3.31 4.1?}1 01 $34,11
NT*) -3$.11 Null Null N?]3 -11.10 ].7411 0l I]3,03 NTI1 -1.3t 4.121( 0l $34.13
HT4) -31.44 }.371| O) ))].30 NT31 °]7.45 ].?031 OI 133.0_ NT| .00 4.1301 0l $34.1i
HTll -34.01 ).15_1 I1 233.$7 fiT20 -17,01 ],101| Ol I)),:O NTll 2.14 4.I$SI 01 $34.]2
NT43 -31.$4 Ndll V.II NTIS -11,$I ],11$I Ol $13.31 N?$+ 3.31 4.0$1101 $34.32
_Jl -34,03 3.3111 _l $]J.14 H_I -31+_I ].0141 01 13].) _ N?IN 4.41 1.|_I( 01 $34.14
NT}l -33+11 3,1711C_ i3].TC _17 -31.bi }.1301 O) 033.31 MTI| ?,01 4.|301 01 $14,14
HT)? -3)*11 ].4401 0J I13.74 NTII -3+*34 ].11$I 01 $3}.II HTI0 e,l$ 1,1171 0) 134,11
mT)$ -)]+sO 3.¢301 01 I]1.70 mT1$ -30.10 ],IT21 01 $13.II
lift 4 Non+el+ OlLl TIDd+ItlO_
Ga.O_ Loc, Villi T IVTI G41_Io _OC, Vllvl T lvl| Glvll _OC. VILu4 T Ivll
IADOI 10101 (I_UI¢LI-III) 10OlRI laml 11101 ll_ulrt}-le©| 10o011 lal¢Ol (Nell l_ru/rt]-l.¢) 10oIl|
xtbl -14.33 lull Null Nt)1 -12.33 1,1111 01 $l?.$$ HT|I -24,]S },001101 ll+,ll
NTSI -11.14 1.2114 11 $11.]] _T34 -3|,11 1.STil 01 SIT.f1 HY|] -)].T) 3.0731 01 SIN.Of
NTS4 -13.45 1.101( Ol $01.61 NT]3 -]1.41 3.]II I 0| $27.II HTI1 -]],]2 ],1611 01 12?,ll
N013 -41.10 1,1T]( 0| 131.04 HT13 -]l.ll ),SOL I 0| $27,41 k_ll -11.19 ).0511 O) 0]?,17
XT13 -44.$4 N+|| Null HT]I -10,12 ).111 1 01 I]?.$0 HTI0 -22.11 Nvll Null
NTIZ -]1.$4 ).|711 01 $37.|T #T)O -}0.11 2.1551 01 $1?.?} MT$ -32.01 ).1001 0) S)i.0t
_010 -31.00 ].11]| 01 $]?.31 NT}D -]0.31 ]._41 01 12T.il II_| -1|,II ),}i0| 01 )}l.|+
MT4$ -30.14 ].3141 0| $)+.]3 NT}0 -}0,11 ).1701 01 S]+.1] MT2 -17.3} ].151( 01 I}0.30
NTll -11,30 I.}¢11 l) $]+,21 I_)T "]I,0( lu|l Null I_I -II,)+ 1.111( @I ill,)l
NT¢+ -]+,75 ),1151 0| S)+,10 k_r]l -]I,SI ),711( II SIT.I+ I_S -IJ,)S ),III( 01 S)I,)I
NT41 o)+,)0 ),1714 0) S17,)$ MT]$ *]I.14 2.7451 01 $17.03 NT4 -0.10 3.T711 01 ill,M
NTII -]1,11 NvlL Nv|| MT3¢ -;I.I0 1,?III 01 SIT,?) NT3 -S,)0 ],0111 01 I]1,17
N744 -]1.41 ).1441 01 120.14 MT]] -31.)$ ).0001 0| ]20,1] MT] *),}I }.1101 01 S)l,i]
NTI3 -35,11 2.¢I14 01 $10.11 NT]3 -10.$0 ),211101 22T.71 MTI2 -).)i ].T¢II 01 $I0,]0
mT41 -31.14 ].411( 01 130.]] NTll -]+.15 },O+?( 01 1]?.13 XT1 .00 ].0}11 01 011.11
HT41 *)4.0| Null Nvll NT10 -]I.0| )*IN|(O) $)+.13 MT11 I*14 ].0011 01 $)0.11
NT40 *)4.Sl ].4+]| 01 UT.]0 NTI1 -11.$1 ).141[ 01 2]?.11 NTS7 )°)4 ),1111 01 ill,I)
NT31 -]4.01 Nvll Null NTII *11.11 ].141| 01 )|+.I+ NT$0 4.41 ].1041 01 i)0.41
NT]I -)).S+ mvll Null NTI+ *)S.$1 ).lUll 01 S)T. IO NTSl ?.0| ].I]II 01 $21.41
.T}+ -]],11 Nvl! Null NTI6 *)I.14 ),1311 01 $]?,II 1T60 I,IS ].114( 01 |21.4T
MT)I -)}.11 )oi+01 0| S]+.4T NTI0 -]4.11 |.1311 l) I)?.11
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mTl¢ -)I,II I,$S)¢ iI 147.10 NT)] *]I.]$ I.]401 11 $$1.)I NT1 -).)i 0,411| 01 131.41
NTI3 -)$.01 1.1101 11 I¢7.11 I_)) -17.H ).ON)| ]I SiS.S) I_I) -1.]0 ?,011 01 )]7.0T
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NTb3 -44.$¢ 1.4S) 13 $43.?$ N731 -]0.00 0.8_4! 13 888.¢3 NTI0 o_3.$| 1.309i 13 $)8.35
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N90] °14.8_ 1.408! 13 $_.1_ _130 -31.01 ].440d l| $$4.$_ NTSl _.34 4.$93i g) S$$.S$
_T¢0 °30.$¢ 1.11_( 1! $$3.T¢ NTIS -36.$4 3.1173 lJ $$0.99 MT$9 ).34 g.S1) l O) $36.10
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fl °_3,41 1.401(-11
GavlNI I,*¢, V+|ve
IlMI (1tll Itlii¢
H -11.04 LiSzt-||
_| -)LS| L_111*1J
?,-70
r-..Oi ;_¢_ ¥6;.l
Pl -]_.14 1.0t:_ {;
_ll_gx Loc. Va_uS
A,aDe; (aoQI IPSIA)
P4 -_0._4 4.4|;1")J
P_ -11.21 _.4t91-_1
m_ II Relater Data Tab,|aLlan
GauQI Loc. Value
LaDe, (Oe;l (FS:AJ
PI -)C.)4 ).1931C)
p$ -_,]l _.O|l(©)
Ge_e I.¢c, Valve
La_ (oeO) (PJ]AJ
PS -]).]_ 2,01S(O)
P¢ -_Q._4 3.0|_(O)
_ -11.70 $,J_4( OI
Ru_ _ Reau©e4 GaLl 240_14LlGn
t-_e_ IdogJ IFSIA_
Ga_Rt L_c. _alv4
L.IDoJ (4ogl |PS:A)
P3 -11._| 1.11¢( lJ
Gav@e I.oc. V6_*
1.6D41 iReQ) (PS_A_
Gauge I.oc. Val_o
LapeJ (Real (PAIR)
P_ -L|.?| |.lb0( 11
R._ 31Aeaucea Da_o TJ_a_lor
Ga_Oe L,Q C. Va;ve
L-41_I; Ide;_ (PS:A)
r6 -3_.31 |._21 01
Gauge L_¢. V$1ue
LaDo_ (4e_l IPS;A)
P4 -_0.14 ?.0$)1 Q)
fJ -1_.?1 3.|b0(0)
R.r 3_ Reducer _aLa Ta_v;6_lo_
tun )_ Re|deeR Da_a TaD_IOLIOn
GivR_ L_¢. QaL _e
L.(_! (OOQ) (PS]AI
PO *)_.1( |.|)_1 O)
PO °_b.]| _.011 ( Cl
LaI_t_ (Rig] IfJ_k)
f_ -_) _? 2.078( 0)
_t -_L.at ).G0|i G)
&_n ?0 IOOU¢oO Da_a Tabu)arran
Gauale I_c. Value
J.$_ll IO*R) IFIIA)
Pi -)Q.14 ).le0( 01
P| -_b.]6 ?.1401 0J
Gauge LOC. Va|ve
t,.INl likl_) (PStk)
iS -73.;? 3.211(R)
F4 °_0._4 _.760i RJ
P) -)|._| ?.1011 01
Run 3| Je0_Co4 DaLe To_vlaLlon
Gduge L_c. Valve
1.41_lJ IRe 9) IP$|A)
re -J|.|l |.0)0( O)
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P4 *?$._1 1.?]0| 11
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_l_l| lie0) (PI|A)
FS -]).|_ 1.0ODI 11
|0 °_0.$| 4.]_(0)
P) °_1.1] _.TR?i 0)
Run 4? _44_COR Darl Tabulation
GaVRe Id_¢. Valve
L.Ji_eh |at 9 ) I_S|kl
PO *]|.9| 1.)_2( ))
P6 °J_.?l 1.||_( _)
Gauge 1_¢. va;va
|_ *37.|? 8.1GC(g)
04 °$0._| 4.61_(0)
R_ 44 Iteovcoo _Jto yaDu|atloa
DauQe LO¢. Value
_; -1$.G4 ],|:_l*;;
Da_o _0¢. va:ua
L.Joe| (4* 0 ) (_$)AI
P_ -10.04 4.1_01-1;
PI °13.$| 4._T01°1)
Gt_Re l.c_C. Vslut
?,,4_e_ iaeg) (PszA_
GauQo _o¢, vaJve
La_e_ (Re0) (rO2A)
P2 *10.Oq ).70_( 1)
_1 °13.S0 _.41|1 1)
GauOe L,_c. Verve
I_J_:4: ideal IPJIAI
P2 *_$.Gt ).600I _)
P) °_3.$0 3.0731 0)
Ga.ge _o¢. Va_e
f? °_$._4 8.44;1-;]
f_ -13.$| 0.466('_1
_uge Loc. vaJue
_.iN; (de;) (PJ|AI
?2 °I|.D4 5.304(-1)
F_ °13.$0 1.$6|(-;)
GO_gO _._c. Va_,e
t_4_1 toog_ t_S;A)
?_ -1|.04 3.217( 0l
f| °1).S| $.|14|-11
Gauge Loc. Valve
_Jbe_ |Re0) I_S;A)
_1 -13.5| |.]11( O_
Gauge Ld_C. ¥41ue
_-_eJ Ill|g) (?SiAl
_ *10.04 ?.|4Ol 0]
_| °1$.|0 $.|6SI O)
_,auge ],_,¢. Value
lib*) (OIQ; (PI_A)
f_ -?_.B| _.1eo| O)
fl -|3.43 ]._001 O)
IJl:.l L Ilseg) I|$1k)
?_ -?S.i| $.|0|( OI
?1 -?$.43 ).tOO ( O)
A-71
G.auge _c. value
lal_l (aeg) (FSZA)
FI -]g.tt I.t_ll 01
p_ -]_.g0 0._gi[ 0)
P4 -]b.a_ l._lt( II
_uge Loc. vo_ue
_1_! (4eg) (PSZA)
F| °)0.$g |.]01t l)
P) °2|.1] L023(1)
I_ 4_ Reduced Da_a Tabulation
Gauge Loc. valve
L4Oml Igegl IPlIA)
p$ -)S.ge LI54( OI
F_ -)Ll_ |.)at( _]
F| °35._) _.$10( g)
Gauge I, oc. Valve
LaDe1 Cgeg) (Y|IA)
F$ °)Lg_ LTOI(O)
P| °_0.St _.|_b( Ol
P) °_0.1_ 3.It1| 01
A_n 4f Aea_ce4 DOLe TeDd*aLIon
Gauge L_¢. VaLve
Ldbbel (Oegl (fSZA)
FI -39.tt t.kgt(-l)
pT -3_.I0 8.lt_(-l)
PI -)$._1 g._71(-lJ
Gauge 1_c. value
_i_l |dog) (PS|&)
F5 -)L|7 6.0O0('ll
P4 °_0.Sg g.?t¢(-ll
J_n SO A_avcea DeLl Te_aLlon
Gauge _,o¢. Value
LaDe| |oegl IFSlk)
Pl -)l.tl 2._0_( O_
p_ °IT,40 _.401( OI
F4 °)$._| _.bbl| OI
Ge_ge t_,c. Value
L61;41 (aeg) IPSI_|
PS -3).|1 L?31(O)
F4 °30.b_ _.$6¢| O_
P) °_|.l) 3,010( OI
Sv_ |) Ae|v|e4 GaLa TeOulaLlon
G4_ge Loc. velue
lab_ (dog) (FS|A)
F] °gS.Ot O.tgl( g)
PI °_3.4_ ).60|(O)
Gauge 1,oc. Vel_o
Label (gag) (FSIA|
F_ -3S.0t ].244( O)
tl °_].4_ ].2|tC 0|
Gauge _oc. va_ue
label (4eg) (tS]A)
F2 -_5.Ot _vll
Gauge _c. Valve
label {oegl I_S:A)
_2 -35.|9 $.)$41 OJ
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Appendix B
TRANSPIRATION-COOLED HEMISPHERICAL STUDY DATA
Test Conditions, Heat Transfer
Measurements, Schlieren Photographs,
and Reduced Data Tabulations
B-1
'POll. C_dit t_m
PO - 7.3050X10.2 PI3[A
Jlo * 1.5650X10,? (rt/,o¢)2
TO * 2.3130X10.3 doglll
II - 12.1400
0 * 5.5090X10+3 rt/oec
T - 1.2670XI0+I d_iR
• * 4. 3000X10"3 IISIA
I_o * 1.2110X10-1 IZuge/r_3
NU - I.gS30XZ0-i IlUgl/rt-le+
I_ - 3.3410x10*5 lltr_
IPO' - 1.3110XZ0-1 PIXA
O * 4. 4460X10-1 PSZA
141 * 2.t410
Nv * 3.3412X10.1 (l_/Ioc)_'t
¢P! - 2.21111 I/PIIJ_
C14f - ;t.?217Xt0-3 Ft2oI/BTO
Oorll- 6.3783 IIT_/IPt2-D
ItelJe1'1,ollP TOte1 Prelllllllf+
ReJez_rolr Tote1 Ilnthalpy
Jlsser_roir To_el Temperature
rz_estrQall IIRCJII Ilulul_r
rl_elt TOIIIS Veloelty
ITmllt Jreall Tellpelrllt tl fql
IPmlltre811 IJtlltJ4: PlmlOIIIIIP,II
froestro_n DtHlty
rmet_m VlJeoetty
rree_treale I_lmoldJ Ilullber
PLtOt PZqllllllUlPe _
Dynmte IPrOllUZ'e (Jtho 0"21211)
Shock Tube J[ncLeimnt Ilho4_k IIl_ch Number
14*11 Iltthilpy (¢_ TM)
PlIIIIUI'O tO C_ Eee_ojr 1110)
Nelt SUite to O1 fl¢_er (771/(Kho U IHo*Hv))
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L_lt 0.07
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Test Coflditio_J
PO - 1.2720X10'2 PSX&
He - 1.60_0X10,7 (rt/Jec)2
To - 2.$$10X10_3 deqA
N - 12.2300
U - S.5|?0X10,3 rt/soc
? - |.sIDOXlO_l ck_lR
ff * 4.2420xlo-3 ffSZA
PJlo - 4.0?60X;O-G Sl_qB/rt3
14u - ?.IES0XIO-e JlugJ/r_-ee¢
I_ - 3.1710X10,5 t/rt
Po" - O.zsgoxzo-| PMZA
O - 4.4170X10-1 PSZA
HI - 2.1410
Hv - 3.3675X10'i (tO/loci2
CPf * 2.2436 I/PSZA
CHt - 2.6eSSX|O-3 rt2-s/HTo
Qor_- S.3e0J tTU/rt2-s
Rilel_Vo_[ TOt|| fi_llllure
Rsae[_lroiz Totel tnthelpy
AQme:L-IFoir Tote| T_operature
rree,trelUIMMch Nullmber
rt_e,t£1am velo¢|ty
r_stroidiTemlpereturo
rrnegt[MHll Jtntlc Pceggufe
rte,etroan Den,_ty
r_:te_croalm V_acoelty
rree,treem Pay_oldJ Uumber
PJtot P.-_lolufo
D_llall© Plrollu£n (PJIo 0A2/288)
Jhock _ |ocJdent 8hock H,ch Humidor
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PL_e/IUTO tO _ fact nr ()/Q)
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ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH
Test. Cc_dl_ _eml
IPO - 7.4040X10+2 IPSZA
Ho * 1,5770X10÷1 (IPP./III_)2
To - 2.33S0X10+3 d_jlR
H - 12.2400
O - S.5300X10÷3 rtl_¢
? - 11.$4ZOX10+I chaR
P * I.$tl0Xl0-3 PIZA
llho - 4.244_0X10-1 IJLugl/h3
- 7.011OXlO*l |z_s/rt***c
Iio . 3.3470X10÷$ l/rt
pc" * 0.4$30x10-1 PIt&
O - I. 5010X].0-2 PltA
141 - 2,tG20
Hv - 3.3433X].0÷6 41Pr./le¢|2
_t - 2.21110 I/FSZA
CH! - I.II14X10-3 Irt2-11lY_
_!2- l._'lll I_/Ft2-1
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rzmssttesm Vo LOc Lr.y
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TIst Condlt ionl
PO - ?.4010XlO_2 IP$1A
NO - l.Sgl0Xl0*? Ir_/aoc12
To - 2.3S60X10.3 dkkQR
N - 12.1200
U . $.S670)10.2 rt/cmc
T m S.4t]OIIO* 1 dogR
IP m 4.3100X10-3 ffSlh
lute a, 4.|ll?OXlO-6 $1ugJ/rt3
Nu - ?.11tOXlO-S S_ugs/rt-cec
- 3.21S0_10.5 1/rt
po* - 8.4_0x1001 PSI&
O - 4.SOSOXlO-3 PiCA
I_ - _I.O?SO
Mv J ]I.]JSOZNIO*I II_.tles=12
CPf m 2.2115 |/PSIA
CHIP - 1.14._?XIO -3 rtZ-a/lITQ
Oolrt- S. )l't'+ l"£"u/FL :s+-i
BeBorgolr Torsi P_oeero
Reservoir Totll hthllpy
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freest teas velocity
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rtooltle8 Itltl¢ P811IUIt
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Yreost remn Vii¢ollcy
rreoJtfoon kynolde Jhmber
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ShO¢lt TUIDs) |ltetdIRt Shock Mlch Mulll_4)r
Mall 8athetPy IC_p Tv)
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ORIG!NAL PAGE
I_LACK AND WHITE PHOTOGRAP.tt
Test Cmtdi t io_lm
Fo ° 7.07110X1042 FII|A
No - I.S440XIO+? (PIC/41e_)* _
To - 2.2940X10÷3 degll
m - 12.1400
L1 . 5.472OX10_3 IPt/INI¢
T -- II.II30XIO43L 4_IK
P - I.II?OXZO*3 PIZA
Rho - 4.1SIOXI0-I llO91/IPt)
HU - 4.114_0XI0-I Ilugs/rt-m
I_ - 3.3150X10+$ lift
po _ - ll.01lT0Xl0-1 PSIPA
O - 4.3240X10-1 IPSZA
Hi - 2.t290
Hv - 3.3402X10+1 (r_./le<=)2
CPf - 2.3127 I/PSXA
C14f - 2.11253X10-3 IPt2-l/ll1_
GorR- 5.1112 ITu/rt.2-i
Itll41OmlZ TO4CIlil llmllllll_re
Ite_ez_olr Total I_thalpy
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IPmstrm Ilaoh livmber
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ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH
_It ¢ce_t%onm
PO - 4.1510X10_2 pllZJt
Iio - 1,S03_[10+1 ¢rt/aoc)2
To - Z.$$40XI0_3 d_lA
N * U.1200
. S.S400XI0+3 I_lloc
T • . 1.31)70X10÷1 dOgR
p o 4.1230X10-] IlIA
NtO * 3.S)8|0XlO-$ Ilugl/rt3
NU * 7.0430X10-ii $1wjo/rt-eoo
Its - 3.1230XI0+S 1/1_
po ! . 7.l$t0Xl0-t PIZA
Q . 4.24401(i.0ol PIJZA
- 2.1)560
Nv - 3.3S15X1044 (l_/soc|2
CStZ - 2.3S(,5 l/IPflZA
O[41 - 2.1J212X10-3 rY.2-o/liTU
OOIlt* 1.1114 lff/l_2*l
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8LACK AND WHITi
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Iio - l.SllOXlO_l (h/ll'm::12
TO m 2.4010X10+3 4egR
N' * 12.6500
g - S.5D?0XI0÷3 rt/sec
T - t.lllOXlO+l d_lR
p - 1.7350X10-2 PalA
Itho 1, ?llOXl0-5 SlUgl/rt3
Na - 1.6170XIO-I Slugl/F_'.-Imc
Re - 1.5130X10+4 l/rt
PO' - 3.1310 PSI&
0 -- _ .tSSO FIIA
Iti - _.0370
IIv . 3.30t|X10_6 (rt/mec)2
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Resoz_oir Toksl Inthslpy
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Temt. C_dLtionl
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N - 12.t400
U * 5.7 l10XlO+3 Ft Ill©
T - 1.3100X10_1 dOgR
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• tenure to C• tectoz (l/G)
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BLACK AND WHITF-. pHL__OGR_PH
lost. Cccldlt tonm
PO - 7.5310X_.O+:P PSZA
NO ',, 1.t110X10÷1 (h/lllm)2
'J'o+ _ 2.4320310+31 41911.
14 + 1.2.1100
0 e S.?OlOX20+3 rt/lmc:
T - 11.9210X10*1 digit
P - 4.4410X10-3 PIZA
I_o _ 4.0330X10-1 Ill_lll/Ft]
NU - ?,5_L_LOXZO-I llugl/1Pt-IleC
Ikl * 3.04140XlO+S l/riP.
PO f - li.5)70X10-1 P|ZA
O _ 4.SISOXlO*]. PSZA
NL *, 3.0200
IIv _ 3.37tltX20_6 (1_/11e¢)2
C_t - 2.1910 l/llJIZA
CHf m 2.5160X10-3 l"t2-s/ll'im
_rll- 4 .fill ITII7 flPt2-1
Ibll41Jrqrollr Totll Pl_llllure
Itoaervolr Total I_tholpy
Ik_eml: Totel T_roturo
P]re41itl_imm 14m_l_ Illtibetr
IPrlle41C re41m VelO_2ty
IeI_14)41 t IPe4111 _ap411rlllt _lre
IPz_lllltZO4111 IltllttC: P:l_lluro
IPmlt reall DO.lity
r_ltroam viecoltl:y
rroeet:resm liolmoldm liar
PitOt P_IklIUrl
I_M, iC Proseure (P.ho U'2/2101
8hOCk Tube |n¢IciQnt ShOck Hack 91_11_4r
Nail Inthelpy (Clb Tv)
Preelure to CP tlC't6r (1/0)
II*llt lilt* to CH tscto[ (111/(Itho U (HO-Hv))
Fey-lLlclcie2L Heat Tclmlfer (1.00" Dl_ 81:4_ere)
No4oI Ptrmmoter VoLuo
A - _ I_oCk Gerdlrator DLaqrlli (2nchel) lO,ItS
• - See Shock Generator DLI+rII (lnchoe) ).2iS
Shock Glmerltoz LLp Dlllmte_ |inches) 0.i_S
Lw_bdt 0.0
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8LACK AND WHITE PHOTOGRAP_
_s_ Cqmditio_s
PO * '?.7000XI0÷;t P|ZA
Iio - 1.6010X20+7 (t_lle¢)2
TO -- 2.31703110+3 <leqll
m - 12.1200
W - _1.5110X10÷3 rP./so¢
T - 1,5310x10÷I deglt
I b -- 4.SI00X10-3 PSZA
I1_o e 4.3S00X10-t Slugl/lrt3
N_l - ?.18)0Xl0-1 IlUgl/rt-I_o
b - 3.3130X10*S l/Irt
Po t - I.I130X20-1 PC_A
0 - 4.7130X10-1 PIZA
I_ + 3.0230
It_ - 3.3245X10+4 (1_/le¢|2
Of - 2.1211 I/PSI&
(341 - 2.501SXI0-3 h2-I/B_
QorR- /.4111 S1_/Pt +-m
Itollol_tOilr TOtlll Pl_lllrU_o
Ilorer-_oir Torsi tnthalpy
Itesol_oir To_ol Tamperatul_l
rroestroom Itsch Iluldoer
rrlmot roam Velocity
Fruit r_l Teuq_otot UI_O
rroolltrOall Stllt£¢ IPrOIIIO_II
Frmml_ relum Denlity
IrmltroaJ VilcoJlty
Froestrocll Ileyltoldl IhllJ_or
Ilit Ot II I_118uro
Dlmtmic Pressure (PJto O_2/2lO)
ShOOk Tube ZncLdent Shock I_lch IIurker
Wall I_nthalp¥ (Cp T*/I
tIIIIIUrO tO CP £lc_Ot (I/Q)
Holt P.cto to CH fl¢_or (7?Of(IU_o 0 (H_,Rv))
IPcy-Rldckll2 Heat TrlmlfolP (1.00 + DL/_ Sphere)
Hc<lel Pc,estate+ ¥lL_e
A - Coo ShOCk Gohorator DLegrtJn (lnchell S.31S
J - coo Shock Oenorstor DLaQrom (inches) 3._J5
JhOCll Oenorotor LIp Dlaletor {1nobel) 0.13S
LaJ_d, 0.15
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Or_,Gh_AL. P_ ....• ,'_ t E: [_'.
BLACK AND WHITE PHOIUGRAI.-H
Te_ ¢ondit ionc
Po - 1.30SOXlO+2 PSZA
RO - 1.5|i0XlO+7 (r_/1_¢)2
To - _.3130X10+3 degJ_
N o 12.1400
U " " S.41710X10+3 r_loec
T - 1.1110](10+,1 dieqlR
• - 4.3110XI0-3 Ilia
Pm: * 4.$270X10-1 Jlug.lrk3
HU * I.lilOX20-i IIUgl/rt-IlC
Ib0 - 3.4450X10_S lira
PO' - 0.4540X10-1 PSIA
O - 4.5100X20-1 PSIA
Xl - 2.9530
A_ + 3.32?2X10+4 (l_/#oc)2
¢_Z - 2.2172 I/PS:A
¢_t - _.?003X10-3 rt2-s/STU
OorR- t.llii sT_/rt2-.
hce_lr To_II IPmflIISIZo
ResexTolr Total Irmthelpy
Rosemiz Totcl ?_ratuz_
rree*tceam Noch lh_:
rmstrollm VclOcity
rl_olt ce_ul Tmrct uN
IPrOClltre811 Static Pzqlllcuzll
rml_.rul Denl lt]r
rmllt real Yil¢Ollty
rgql4Jltl_ll kimol_l Ilmnbor
litC_ lrOIIUEI
DynaSt PL.oeeare (Rho 0*2/280)
ShoCk Tube Incident Jhoak linch IluJd_r
vii1 gnthe2p'/ (cp _v)
yro,murc to ClP £lc_oz (1/0)
Halt I_ttc tO all leCtOr (770/(Rho U (NO-HV))
ray-Rld6ell IloCt Tronlfcr (1.00" DJ.mll IpharllJ
Noael Ihlrlmeter Vcltm
A " Joe Ihc_k Gonol_'ctor D/ogre {Lnc_om| 0,31S
l - Sac Ihock Generator Dimgrea (Laches) 3.20S
Shock Goncrctor Lip Dimtcr (lachcll) 0.12S
Lmtda 0.20
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OR,_Gt;.If_.L PAGE
,_LAGIk Ah_D _yHiTE pHO'IOGRAP_
_at ¢ondlt ions
PC * ?.SOIOXIO*J pIIIA
NO _ 2,S610XI0+7 |l_/14mJ2
• 2.3210X10÷3 d_t
N' - 12.1100
0 - S.SO3OXlO+3 IPt/_
t - 1.2930XIO+1 deqR
• - 4.1210X10-3 PIZA
I_o - 4.$SO0Xl0-1 Ilugm/l_3
Ill - I._llOXIO'I SlugJll_-lOC
k * 3.441_10+5 1_
+O* * I.SS40XZ0-I FItA
0 * 4.$740XL0"1 PaZA
14_ _ |.ti40
Ilw - 3.3302X10_1 (Pt/ae¢)2
Of * l.lll$ l/Ill&
(=HI * 2o1417X10-3 hl-I/BTU
O_rl* 1.2514 ITUIFtl-I
Ito_Jl Totill llllo_
/uuemir Total IP,ntlmell_
Rooem/l Total fempe_tture
rreeo_reem Un¢_ mmNr
F_ Velc_lty
rlPleatlm4m _lmpezat c_l
rl_OltZOldl 8title llllllUrl
r r_mLrelm DonoLty
r_lL[ll Vi ICOllt _
rms_rm b_ol_ m_r
P£tot pmoluz_
+sic PaPilla (_o U'212111
_k T_ Znc_ldent _k Hack lklllblllr
gall Ilnthalpy ICp 1Pw)
Pl_sl_re to _ favor 11/9}
Heat bte to CN factor (I?11(_o U (NO--_II
rsy*Ri_tl NeNtt Tr_lfez (1.00' Dim |pore)
Nodal Pareamotor Vslul
A * lee Ihock _me_tor Dl.ltqlram lineal I.:lTS
• - be _t _nerstor DIMr_ (Ln(_lt_l) 3.lilt
Ihock GVlnerato_ Lip D$llmter flitches) 0.l_i
_a 0.21
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ORIGINAL P,_(;E
3LACK AND WHITE PHOTOGRAPH
I_$t Con4|tL_m$
Po _ 7.StOOXI0+2 PJZA
qo - l.Sit0XlO÷? (Ft/eeG)2
1"O . 2.3330X10_3 6og&
4 - 12.1400
J _ SoSlS0Xl0*3 rt/mc
r - 8.2070x10÷1 4ogR
p . 4.4710XlO-$ IP•IA
N_O _ 4.3740X10-4 •luqs/rt3
qu * S.t?10Xl0-| 81ugs/ft-J_
_o * _l.4et0Xl0+S l/rt
_O w - 1.43t0XlO-I PI;A
3 - 4.ilOOX1001 I•TA
4L - Z.ti|0
qv _ ].3540X$0$1 |h/l_)2
_| _ a.ll4l Z/I•ZA
:lit' o 2.$102X1005 rt2-s/liT_
:qRIto 4i. 3305 •T_/rt2-o
Itosemlz ?i_|l Fl_$JuJre
Iteservoir TO_II BnthaLpy
Itesemir TOLal 5_8periture
Fl_K, otcomm _eh Jsvmbez"
From&roam VeloeJLty
F_t_m Teqpe_etul_
rmJtre4_ JR.atl(: ProJourQ
rzlee_zeem DonoSty
rmstr_ Vlm¢oetty
rmotroea /'1molds ember
Pitot Promoere
Dynemt© Preeoure (1_o 0*2/288)
• hock T_be In©tdont Sheet _¢h Ilunber
Veil 8ntholpy (Cp Tv)
Pmomuro to GP fac_olr (a/Q)
Neat irate tO CN ft(:tO_ |770/(1_O g (NO-•WJ|
Fey-RLddell •Oat Transfer (1.00' Diem nphero)
NocJel Parameter Value
A - JeQ aback Generator Diagr_
• - 84m I_ock Generator DLogrem
• hock Gttlerator LIp DLameter
(in_bes) I.I11
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Lambda OJJl
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BLACk4 AND WHITE PHOrOGRAFI.-t
TO_ Coet41i.t Lon8
PO _ 7.54101110".'2 PSIA
IO - 1.S270XI0*? (Pt/sO¢)2
TO m 2.281QX10_3 _R
N I,* 12.1600
O" o 5,4240](104'3 Ft/oe¢
T * ?.0S30XIO_t 4eqR
p o 4,4350)(10-3 PSIA
Itho o 4.4tgOXlO-q; slugs/r¢$
flu - 4.7220x10-| $lugs/rt-mo¢
it4 _ $.q_300XI0+S l/rt
pO e o lloSg$OXlO'_ PSZk
O * 4.S950X10-1 PE_A
elk e 2.t310
_r w 3.3JTBXIO_4 Ilrl:/aec_2
@f _ ].1?St I/PSIA
¢Nt - 2.ft00Xl0-3 rt2-_/)11_
Qorlt,, 6.0427 DI_IF_;*8
JesemL| TOtt2 PnJjJol"e
RooomSr T_al 8atheIl_
Resorvol_ Total Tempelltut_
rmmtz_ul I_ch llwel_c
rmet zeem Volo4:LCy
rmlt_a Telpo, rat ore
rmltromm Rot_o Pl_Oeuro
rmltream Denx £ty
rmstL_mn vLseoe try
rmetmm _noldo Ilumbet
IPltot IProoeuro
Oyn_Io FNII_ (_O 0"2/2J0)
|hOck T_lbe ][nc:LcJ_rit 8hOck 14_Gltt IIUIId_O¢
w,*.1.1 J_t._Jlpy ICp 3_*)
Prlesuzo to C_ I[actor (l/QI
HOOt P_tO tO _ tiC'tOt (7?l/IP_o U (HO-Hw))
fay-Rldde11 Neat Tz'omo£or (1.00' DL_n 8phoce)
II_dol Poxmm_or Vol'aO
A - See Shock Oohere¢o¢ Dt_raa (Ln_b_) I.SlS
O - leo Shock Genecsto_ DLegcaI (lne_hoM| $.2JS
ShOCk Gehere¢o: LLp DL*Ultoto¢ (Inches) 0._2S
L'-J'*o 0.0
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Tell tend|Lions
PO " 3.g44ox10+3 Pair
He " 1.8008X]0÷_ (Ft/aec]2
TO - 2.6586X10+3 dear
M - 12.S4S0
u - S.S1SSX;O_3 rt/aoc
T - O,g334XI0_I dogs
P - l.JO2JXlO-2 PSIA
nho - 1.7211X10-5 SIugo/FL3
Nu - ?.0010X10-0 SlugalrL-aec
Ae - 1.4420X10_6 l/Ft
Po" - 3, J243 PSIA
0 - 2.091S PSIA
Hi " 3.2450
Hu - 3.3073X10÷6 (rt/aec)2
CP! " 4.7653X;O-1 1/PSIA
CHf ° S.|800Xi0-4 Ft2-I/BTU
OAFS* 1.6213X10÷1BTU/F_2-I
Reservoir TOLaI Pressure
Rosezvoir Total £nthalpy
Reservoir TOtal TempaJtatu_s
rreeatream Hath Number
rroeatream valoclty
r_ola_raam Temperature
rraeaL_olm SLaLIC Pressure
rreoatream Density
Freeatream Viscosity
PrOolt roam RtynOldl NUIKIOOr
fltot Pressure
Dynamic Pressure (Rho U'2/208)
Shock Tube Inc|danL Shock Hach Number
Nail Enthllpy (Cp Tw)
Pressure LO CF title: (I/Q)
Heal Rate to CH factor (??8/(Rho U (Ho-Hw))
Fay-Rlddell Heal Transfer {1.00' Dlsm Sphere)
laodel Parameter Value
A - sea shock generator diagram (lnchel) 0.761
B - see shock generator diagram (Laches) 3.402
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O_.,]GiNAL PAGE
E_LACK AND WHITE PHOTOGR,t_N
'?list ¢cmdLt I._n,e
PO * T.t02OXl0+2 BlXJk
Ha * 1.1040X10+1 11_./aoc)2
TO o 2.3700X10+3 CI_/R
N * 12.1400
U o S,S770XI0+$ I_/Ime
T - 0.4720X10+1 dClqllR
• o 4.6320X10-3 PSZA
I_o e 4,4530X10-6 Jluga/rt3
Im . 7.12q;0X10-1i J_uqjJ/r_;-H_
14m * $,46tOX10+S l/Ft.
por e i.ISqOXIO'I PI_A
G e 4,TOTOXlO'l FHZA
PLt _ 2. JtOO
Hv _ 3,343tX10+6 (rt/sm=|2
CP£ e 2.0811 2/PHZA
¢Nf _ 2.4784X10-3 tt2*IIBTU
QoTIt _ 6,6311 BT_J/rt3-J
ItoaemLr Tot.el Plrlaam
RelJelrsminr Total| Inthalpy
Reser_oir Total TeIporatuzqJ
rroes_ream i_ch Ihati_r
rmet :oHm voZocHty
fruit Iqml 5rqHqper_ u:re
frQeBtlrolds HtatlC Prolauro
Freest Zeam Denaity
rmatzeam VLacoaLty
rm*tzm by.aide mmber
F_tot P t_JsauL-e
Dyamlc preaeuro (Aho g'21200)
Ih_H:lC Tub4J yiscfdoftt JhOC n' Nach /Iuiibe£
lie11 I_thalpy (Cp Tv)
Po_eRmuze tO ¢P I_toz I_/Q)
Heat Rate to C54 fact.or 1110/(Kho g IHo-Hv))
ray-RJddeil Heat _rranafor fl.00' Diem liphere)
J4odel Peclloter V81t_e
A - 844 Shock Goneratoz DLagrm8 (Lnchog! f.|_l
I * flee Shock Gonoreto: Dlagra_ (lhcheel 3.330
ShOCk Generato[ LIp DLIIOtO: (LncheII 0.625
Lambda 0._1
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ORIGINAL p,k(3 c.
AND WHITF-. pHO'fOGRAPH
5'ost C_dlt/onS
PO - $.0630X10+2 P8ZA
He - I.II00XI0+? (_./me, c:)2
To - 2.3710X10+3 c_gR
N - 12. IS00
- S.Sie0X10*$ i_/N=
T . 0.41S0XI0+I 4egR
P - 4.7020X10-3 IP|ZA
IIho - 4.4070X10-S Ilu9m/rt3
Nu - ?.lil0Xt0-i Iluge/rt-ee¢
I_ * 3.S0t0X1Q+5 l/rt
IPO' - 1.0tt0XlG-2 IP&ZA
O - 4. ltiOXlO-I PSZA
ll,,t * Z.ll70
Hv + 3.3501XZ0+1 (h/e_ll
CP. B - 2.0S55 I/pSZ&
_! " 2.4338X10-3 r_2-8/1_
QO_-- 1.7017 ITU/Ft2-I
111119011 |Oil| 111111111
Iteoorvoir Total Kn_.haLpy
Reservoir Total Temporltu_n
FZleltrOIdl )linch Ihaai_r
rmstr_um VeloaSty
rmst_ tempernt uze
rceelt:a RItL¢ IPmllure
lelPl4111t Iiii Dal_l L_
rmetreea vlocoNi_y
rz_estr_ms Soynoldo lh_boz
IF It or. PzQooure
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Pmnu_ to Ct footer II/Q)
Neat I_te to (_ flcto! (711/(Kho O (No-)iv))
Fay-I_iddell Neat TraJhater (2.00' Dimm S_horel
_odol Ptrlemter Villi
A " See Shock G_nerator Di_;lzom (lnahea) N.l:t0
I) - See Shock Generator Diagram (inches) 3.331
Shock Generator Lip Diameter (Lnchea( 0.12S
L_tb4a 0,31
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_at Colsdl t ions
PO * 7.07SOXIO_2 •SZA
Iio * 1.1000•10*7 (rt/*e¢)2
?o + 2.$S10•10*3 _R
N _ 12.1600
• * $.S100X10.3 rt/eec
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rly-AldIoll Halt Trlnsfor 11.00' Diem Sphere)
Ito<_ 1 pllrlllm_Or
JL * ko lhoCt Gl,orltor D|I_Irll (InChIl)
• - l_o Jhock Oml141fctor DJ.llgZ'llll llncholl)
Ihcck Generator LIp Dllmmtor (lncheil
L_Oda
VIIIUC
1.134
3.425
0.4,_5
0.$4
Run 5_
B-98
OILl
O
03
D
t---
r_n
,0"
120 --
i00--
80--
60-
40--
20--
X
/
X
X
X
X
y >: X
XX X
X
_,,>...7- x
x× >>
Xx_',_,": >_,,
XX X X X X X
I
-60
I I t
-40 -20 0
Angular Position Relative to Stagnation Point (degrees)
I-W__T TF:_rJSFW_R vs Gauge Imo$, t , on
Run 57
I
2O
I
40
B-99
Test ¢ondlt Ic_a
PO s 7.41020X10_2 PSIA
NO s. I.S41OXIO_7 (Pallet)2
N - 12.1600
U * 3.441OX10.3 rt/Jec
? m t.12:LOX|0*30ogH
p m 4.3400X10-3 PSIA
IU_o - 4.3330X10-6 81.ql/ry.3
NU - $.|310X10-0 $lugl/rY.-lec
b " 3.4t00XI0*S lira
flo w * S.4OlOXlO-] PSIA
9 - 4. 4910X10-1 PSIA
N1 .. 2.9220
Nv " 3.3420810*6 (t_/lec)2
CPf " 2.224"9 I/PSIA
CWt o Z.?120X20*3 Ft2-e/DTo
gorP.* 1.011)8 IYU/FY.2*a
Iteeor_olr TOY.el Plregaurl
Reset-voLt Total Snthslpy
Reservoir Total Temperatu_
Freeotroam _eJ1 R_b@r
Freely.real VolocLt y
r r_oly.telm TesS>or it uro
freely.foal static P_llure
rreo0y.ream De01a Lt y
Froo0t reeu V_Iccl |Y.y
Freeatroem _Imo_de Nmsber
PJy.ot Pressure
DyhmlC Pressure (li_o 0"2/201)
Shock Tube lncAdont Shock Iqach N_l_er
WalZ I_thalpy (Cp Tv}
pl_ltloulro Y.O CP facto_r (I/Q)
Noa_ Rate i_o C'H factor t_Tl/IAho U _Ho-_w_)
rly-ALddeIl Heat 5'ranater (1.00' DLOm Sphere)
Model Pe ramBy.er value
A - See Shock Generay.oz Diagram (fnches} 0.143
| - See Shock Generator Diagram i/riches) 3.512
Shock Generay.or Lip Dla_tor |inches} 0.625
Lmsbde 0.21
Run Sl
B-IO0
35--
O
I.U
O
:D
l-
ID
,O
30--
25-
20--
15-
10--
5
x
x
X X
X
>:
)<X
>.'Q,,: X X>:
x >%>X"b: ×/xx
x :_,x
x
I
-60
I I I
-40 -20 0
AngularPosJtionRelaliveloStagnalionPoJnl(degrees)
HEAT TF_C:I_SFER vs Gauge Pos,t,on
Run Sg
I
2O
X
I
4O
B-IOI
Te*t ¢oe,_1_1on*
So - $.1020XX0+$ PSZA
NO - 2.)100X10+1 (rt/ee¢)2
To * 3.3S90X10+3 deqR
H - 1i.0700
0 - I.i420X10+3 r_/l,¢
T - 7.2850X;0+! de_lR
p - 2,S$_0XtQ-3 PSXA
PJ_o - 2.e240X10-1 81U_slF_3
_u - 6.1250X]0-8 _;U_I/Ft*BI¢
Re e $.1S40X10"S lift
Fo* - e.se30xl0-1Psxk
Q - 4,9POOX]O-] PS|A
HI " 3.12_0
NV - 3.3i07X10"6 (rt/lec)_
C_Pt - 2._11S I/PS]A
CHf - 1.9_00X10-3 F_Z-m/BTU
Qcrll- |,0764x_0+1S_'0/rt_-s
Rmlelt_olr Totll PlPelluro
mtset'volr TO_ll Inthllpy
++lli_roL+ +O_l| Y_pOrltU_
_rOlltttll_Ch _+1
r/eelt+emm Velocity
Wreeltream Y4dlVerltu£e
rlroeltrQla Stlt|c PPIIOUrO
rreelt_Qom Dmhllty
rtoo#tFmvJ_colJty
rroeltwolm Re_hO1dl llll1]_IZ
+LtOt _l_l)llUrl
D_'tlLilDJ¢ PL"_IJUrO Ill'tO 0"_/2l|)
Shock Tube lnctd--nt ihock Hach Su_er
Mill _thllpy (Clp Tv)
PtOSIUr_ tO CP liCtOr 1110)
Hia_ bte to _I( _1¢_o_ (771/(P_o 0 |NO-HW}|
rsy-Rlddell Rest T[_mlter (l.o0' Dim* Sph*:o)
_1 hrun_et vi_uo
A - I_o Shock Ge_erl_o_ D_ogrsi |l_chel) 1.743
- See Shoot Geherl_or Dllgrlm (_n_hoi) 3.$12
Shock _nerltor LLp DAammt_ (Lnchel_ 0.t2S
L_LtXlS 0.0
I_n i0
B-102
0
hi
0
v)
I--
t,rl
220 -
200 -
180 --
160 --
140 --
120 --
100 --
80--
60--
40--
20-
0
-80
X
X
X
X
X
×
XX
XX X>."
X _.:
,X
_:t X X)_X,X.XX
X X XX
X ×X
I I 1 I
-60 -40 -20 0
X X X
X
I
20
AngularPositionRelativetoStagnalionPoint(degrees)
hEAT T_E_ vs Gauge Pos,t,on
Run 60
I
4O
B-103
Po m 4.45_0XI0_2 •SZA
No _ 2.00_0XI0+I |Pt/Joc)2
To - 2.t_lOXlO+3 degl
N - 15.21Q0
U - 6.4000X_0.3 •t/see
T _ ?. OtSOXlO+| d_ll
• - S.0700X10-4 PS;A
I_o - S.|1|0X10-7 81_g/r_3
Mu * S.8310XlO-8 81891/rt-ooo
I_ * G.271OX20*4 _/Ft
Po* - 1.$480X10-1 PSZA
Q - S.ZlT0XI0*2 PSZA
Hi - 3.4380
Nm * 3.3?48X20_4 (FqClIeoI2
CIPf - 1.2083X10.1 1/PSI&
_4f . 1.194tX10-2 Ft2-m/STO
_FR- 3.8188 I)1_/F_2-o
l_ool_olr Tote1 Pz_oluro
l_Jer_olr TetaJ Entha;py
l_elr_oir T_al T_pormturl
F_eatrolm 14lch lluAl_r
r_e0t rou Voloclty
r_eRt ¢0_ TOalpor _t ere
IP_eat_Im SLet_c P_eiere
• mat reelm _nalt y
• l_e| t rooll VLloo01_y
8rrooRtreom lP4)molda NuJ_r
PLtot P[11Jmezo
Dynamic Pressure (P_o g*2/2Oql_
Shock Tube XhcLdlent Shock Hach humber
WOZA _thelpy (Cp Te)
Pressure to ¢P factor I1101
i4eat Irate _O C14 factor (l_e/(P_o U (t_ooHwl)
Foy-RL¢lde_l Nest. TrLnefor II.O0* Dlalh 5phtro)
_1 Pora_Cor Value
A - See Shock Gonlretor Diaqren (lnchoe) 8.?43
D * Sea Shock Generator D|ogr4m (1nohow) 3.5_2
Shook Generator Lip D_glm_ter (_nohel) 0.¢2S
Lmtb,da O. 0
• un _1
B-104
O
LU
O
DI-
rn
-¢T
35-
30-
25--
20-
15--
10-
X X
X
X
X
X
X
X
X
X >,'b
>.
×
X
X
>(
>:
>,
X
X
X X X
X
0
i I I I I I
-80 -60 -40 -20 0 20 40
AngularPosilionRelativetoSlagnationPoinl(degrees)
HE[AT T_ER vs Oauqe Pos,t,on
Rum 61
B-lOS
_It Candlt Aonl
Po m I°1050X|0+2 PJIIA
No = ).5740X)0+7 |rt/Jec93
To _ 2.$010X10*] Clegll
N - 12.1400
U - S.S2SOXtO+$ IPt/eec
T t 11.$2SOX_0+_ IIIIgR
• _ 4.0_00X10-3 PSTA
I_o - 3.1640X10-1 llluqslrt3
MU " 1, O030XIO'I il UqJI/Tt'lll¢
I_ e ).12110X10*S llrt
IPo' _ ?.lSI0x|0-1 P|]A
O - 4.2020X10-1 IPSZA
14L - 2.1110
N. - 3.3104_XI0*I (IPtliQ¢)_
CTt - ]l.$101 I/PSI&
'_lt,f = 3.11'_111X10-3 rr.2-Jlll_'o
0o1_- 1.0401 lll_J/Ft 2-1
_llIPVOLI TOtll pnlll_re
Rllolvoir Torsi Ir_thllpy
_elervolr TOtlL Tlllpetlture
rroettr4aa Pllch Iu_er
Fmltrelm ve14¢Ity
Frellt_elm Temp41_atucQ
rFiHlltrelm It&_Ic pl1111ure
rree|t_elm _inl|ty
FlleltFell Vllcollty
rrteltrel| I_old! l_llJxr
PICot PrIIIUrO
_ttlC |telao_t (l_ho 0"2/210)
JhO¢_ Tuk_ _nC|611flt 8hock Hath NUI_Of
_lll _nth*ipy (C_ yv)
_IPllll_tl _0 C_ tletO[ (1/01
Hilt Rate tO _1 _lCtO_ (??l/(P_hO 0 (HO_Hv))
rly-R_ddell Hoet _ihl_t_ (1.00' Dkim |phe_e)
_de| Plrlmeter Vllue
_ab"_b,da 0.0
p_e 62
B-106
O
LU
,r;-
O
O3
I--
m
t
olD"
24--
22--
20--
18-
16-
14--
12--
I0--
m
u
X
X
X
×
X
X
X
X X
XX XX xX
X
X
_: X:_:,X
X ._:
>>1 X
X
X
X
o 1 I I I I I
-80 -60 -40 -20 0 20 40
AngularPosilionRelaliveloSlagnationPoint(degrees)
HE_T TI_ER vs Gauqe Pos,t,on
Run 62
B-107
G_Oe
Libel
NT_2
HT51
HT$0
HT44
NT4)
HT42
NT41
H940
NT)t
HT)I
HT))
HT31
HT1$
HT)4
HT))
H133
H?]!
H73_
Ga_ga
LS_L
Hr$_
NT$1
NT44
HT41
N942
H94L
HTao
HT$1
NT)8
HT)?
H934
HT]_
HT)4
HT))
_T_2
hT+.
HT]0
(Heg)
-41.00
-II.e)
-$4.4L
-44.$$
-41.10
-43.68
-al. TO
-40,41
-40.00
-31.11
-]|.]1
-11.43
-)$.SH
-)S.l+
-14.11
-31.11
-3_.lt
-31,14
LGC.
(Oo91
-il.OO
-t! .H)
-+4.1_
-44.$$
-4].10
-4_.61
-41.14
-40,11
-4O.O0
-)l.13
-31._1
-)4.Se
-3_.61
o24.11
-33.?_
*$_.42
-21 .lI
Valwe
INgU/rt)-St¢)
),ILI(-|)
Q.OItI-t)
T.2]l[*ll
].131(0)
1.7031 0)
3.4511 0l
2.1H4( Ol
2.2641 O)
).1311 D}
).)]SI Ot
3.$31 t 0t
1.01_10t
).IH11 01
].69)! 01
_.3_3( 01
Hull
).441( Ot
H+_l
Run
VILuo
(ITU/r_ 3-1441
1.111| Ot
).457 ( D_
3.1111 01
S.3311 0)
4.91+( 01
6.630 01
2.161 01
$,t+0 0)
4.11) 01
1.171 O#
6.I0] O}
6. 740 Ot
1.112 O)
$.330 Ot
4.6t4 0l
6,416 O)
?.$64 Ot
R,n
T Sur! C_uge Loc. Va_ua T $ur! Gouge Loc. VaLue T I_rf
IDegl) I.sbe) (dog? I|TU/TL)-Soc) IDegH) L_t_l IOeg) {DTU/Ft)-Ie¢} {DeqH)
531.11 HT39 -30,S4 4.3111 0) _42.61 NT|I -14.71 1,121! O) _4_.1)
540_0 HT?4 -)0.0l 6.]041 01 545.43 H910 -13.41 1.1514 0) 544.tl
_40.21 HT]T -39.11 ?.441(0) $44.S_ HTI -12.13 $.3134 OI $45.19
$41.41 HT26 -20.34 6.1414 Ot $44.10 HTI -1_.11 I,l?Ot Ot $4i,24
$40°7| H911 -21.4} 1.100(0) _41.$1 HT? -10.13 1.1101 1) $47.33
542.43 HT34 -]i. S4 9.934| 0t 546.57 NTl *1.11 |.lS]( 1] 545.31
541.41 NT)) -21.1t H.144( oj 547.31 NTS -|.04 1.3614 14 $48.41
$41.11 HT_2 -24.10 5.1$${ O| 541.14 NT4 -I.LO 1.0lO( 1! 545.91
$4],47 NT1| -?).94 1.112( 11 $41.91 HT) -4.14 1,$51( L} 5S0.$0
$41+)) HT2D -2).Ol 4.9L4( O} $44.01 HT2 -l._I 1.42_1 31 519.10
444.14 NTII -23.2b 1.1144 Ot $4S.23 HTI -.63 N+ll Null
S41.13 HT11 -21.40 $.1154 0) $43.18 HT4S 4.34 1.0111 1) $41.61
$4].61 HTI? -30.S4 Hull Null NT4t i,lO 1.131( Ot 541.11
$41.11 NTI6 -11.63 S.0444 Ot $41.41 HT47 16.69 1.0241 O) $45.41
$42.1{ HTI5 -11.14 1._414 0t $41.41 HT4O 31.54 $.411( 01 $43.41
N_ll HTI4 -IT.il 7.774( 01 54S.40 NT41 35.11 3.]421 O) $42.01
544.01 NTt) -_4.41 9+424( It $44,44
k_]] NTL2 -15.?] 1.3704 O/ $41.5_
4 laOucld DI_a TaGd_a_|ofl
T S,r! Gauge Loc. VaLue T Surf G4uge Loc.
IOegRI LaBeL IOa¢) (HTU/F_2-$*¢i (DIGS) LIO_L (dog?
$44,12 NT_I -)O.9t 4.760( It $41,55 HTII -14.15
$4).24 HT]I -)0.O1 1.7t)(O) ]41.14 HTIO -11.il
SeS.10 NT]I -31,31 7.7111 O) ]50.11 HTI -13.13
$41.11 NT)6 -21.24 1.1611 O) $41.|1 NTI -11.11
$4T.?T HT_5 -_T.41 7.1514 O) $SO,OI HT? -10.t3
549.14 NT34 -25._4 7.15_( Ot 550,44 HT1 -4,14
545.14 NT$) -21.64 1,41_1 01 5SL.21 HTS -t.04
+40.14 HT22 -34.10 1.011{ 0) $_0.1G NT4 -1.10
$47.51 HT_! -Z),94 1.4104 O) 551.]2 HT] -4.34
$41.91 ffT]O -23.O1 1.4404 Ot $51.14 NT_ -I.SI
$44,44 HT]I -33.21 1.6111 O) S$3._) NTI *.i_
54_.34 NT)I -31,40 _.013| D) $11.14 NT4S 4.34
_45,74 HT_7 -20.$6 N.II Null NT41 1,10
541.]1 NTIS -14.12 1.711101 $S1.$$ HT47 11.4$
$45,4i HTLS *11.14 t.04St 01 $$1.|] HT4$ 31.54
N,LI HT14 -1_.14 $.IOS(O) 512.01 HT41 31.tl
$4_.41 HT;3 -14.44 _.2174 01 $52.1|
5SC.]4 NTL2 -15,7; 1,40]( Of 551.3|
$ _e_aceo _4ta TaD_I_IO_
Va _ ul
(ITU/r_ _-Sa¢1
t.141 01
1.441 OI
1.332 O)
1.071 O)
1.240 O)
I.]S_ O)
$.436 Ol
I._44 O)
t.451 C)
|.1?I Ot
Nul
1.514 O)
1.414 Ot
1.150 Ot .
$.549 0)
T S_r{
tDegRt
S$).S0
SSl.4l
S+;.11
$$1.$4
55].41
5S24_
552._1
$50.40
513.15
S51.44
H_IL
]$_.tl
$S1o85
$$1,1_
$45._
$4t.4_
Gauge Loc. Vll_a T Sur{ Gauge Loc. Value T SU_! Gauge Loc. Val;I T lcc+
La_e; IOeg) (HT_ir_2-Sect (Dag,) L_eL SNag) (HTO/F_2-Iec) (DIQRt laID4l (O401 |ITOI!_2*SICi (DIQR)
HT$2 -11.00 4.264{-11 $3S.I2 NT24 -30.41 3.1114 0J $41.68 NTII *14.1_ $.70_( OI 541.46
HT$I -61.11 1.014(*l! $39.31 NT)I -30.01 4.315( Oi 543.11 HTIO -13.61 5.116(O) S4].11
HT$O -$4.6L Null Hu_| HT)? -_l. ll ?.422{ 0| 544.1L HTI -12.13 $.$514 0| S43.11
HTII -44.$_ 2.1111 O) $40,91 H134 -_1._1 $.13)! O| $43.40 HTI -11.11 NuLL _u]|
HT4) *43.6_ 1.1511 O) $40.11 NTiS -3_.41 $.3161 01 $43.14 NT_ -10.13 6.314! 0) $43.1_
HT43 -41.11 3.t711 O) 541.11 NT24 -31°$4 6.3311 01 $44.43 HT6 -1.11 _.7011 O) $44.12
HT4L -41.9t 2,4234 O) 540.S$ HT)) -]$°14 1.010(0) 544.18 If_$ -t.04 i.tt1(O) $44.32
HTIO -40.11 Null Hull HT)] 034.HO 4.613( 01 543.32 NT4 -1.10 7.7104 0) S44.18
NT]I -40.00 3.511(O) $40.61 HT31 -|3,14 1.1101 O) 54$,14 HT3 -4.34 1.411(0) SIi.)S
NT)H -31.13 2,34tl Q) $40.$3 HT20 *]),01 Null Null HT) "1.16 ?.S?S(0) $41.))
NT]? -11.11 2,1114 O) 540.44 HTI1 -]).)5 $.4114 O| $41.11 HTI -,4] Null Null
NT31 -)?.42 2.0164 01 $40.14 NTI1 -]L.40 $.11]( OI $4_.$0 KT4$ 4.34 1.4114 01 $44.$S
_T35 -16.]1 ],)Ol( 0| $4L.14 HTl? -_0+$4 NuLl N_IL NT41 1.10 1.125( 01 $45.11
NT)4 -)_,17 2,_11| 0) 540.74 NTI1 -11.6] ).1141 D) $42.|$ HT41 11.tl l.iI|(O) $4),11
NT33 *)4.?L $,0314 0) $42.41 HTIS -1|.14 So411| 0) $43.00 HT48 11.$4 4.$1|( 0| $42._?
HT32 -)).11 Null H_LI HTI4 -11,44 S,I10| Ot SE).)4 NT4| ]S.61 3.4114 01 $40._$
NT)I -22.0] _.0_$(Q) $42.6_ HT1) -16.11 6.)22( 01 $44.24
HT)O -11.01 ),4Lll Ol $4].15 HTI_ -15.11 4.71D[ 01 $4_.14
Au_ I H_du¢aO Data TaDulltlon
T lur! Olu_e Loc, V*l,o T lure
(DegX| LaNL (ae_| (N?U/r_l-sec| (DeCHI
$43.1D N?II -14.75 _.013| O| ]41.31
141.11 NTI0 -13.11 ).)35| D) $41.15
$4].05 HTD -13,t) ).1144 D) $41,13
$4).30 HTI -11.1i Hull Null
$4).$4 N_7 "10.93 ).0114 D) $4).)9
$4].t0 NT$ "1.10 4.1514 01 $41.H6
$4).35 HTS -I.D4 S.tSI[ D) $44.44
$4).$7 _14 -H.10 $.1044 OI $41.11
$44.|1 NT) *4.)4 1.713( 11 ]41.N1
MuLl NT2 -I.11 1.4fli I) $41.10
$4].?$ NTI ".I] Null Null
$4_.16 NT4$ 4.34 $.$)4( 0| $41.i3
Null HT46 |.10 4.11][ 0) $44.)3
$41.16 NT49 16.11 1.)1t| D) $40.11
$41.1t NTIH )t.$4 1.1144 0| $40.71
$42.11 HT4$ )$.19 $.0714-11 $40,49
$44.01
$4_.11
_ufl Loc. VlI,I T lure Glu<ll l_c.
_J_el IOeg) IITV/Pt_-J_©) IDeqlt La]oel (de_|
NT$_ -11.OO ),11_[-_) 240.21 HT21 -)D.11
HTSl -11.81 1.$171-1! $40.41 HT]I -)O.Di
NTS0 -$4.11 $o$144-11 )40,45 HT_7 -31.11
NT44 -44,t5 1.3011 01 $41.14 HT)6 -31.31
NTa? -¢].60 7,$411-11 $40.¢1 NT]$ -17.41
HT4] -4|.il 1.775(D) $41.Ii NT]4 -11.$4
NT¢I -41.7t 1.2514 O| $41.11 HT23 -)$.11
NT4D -40.11 1.O444 O) $40.7L H122 -_4,10
NT)| -4D.DO 1,311| OJ $41._) NT21 -_)._4
N_)I ")$,12 lol)D| O) ]4D,$4 NT)D -]).Oi
NT)I -11.31 1,141[ OI $41.Lt NTll -3).25
NT)6 -]9.4) 1.t41|-11 $4Do$$ HTI0 -31.40
MT]S -]6.$1 Null Mull NTI? *]0.$t
NT)4 -31.17 1.0414 01 $10.0_ NTll -11.63
NT)3 -34.71 ),414[ 0) $41.$4 HTIS -1i.t4
HT]] -)).97 Null Hull HT14 -19.61
NT)I -)).12 2.114(O) $44.S0 HTII -lt.ll
NT]O -31.11 ).91)( OI $4).44 HTI2 -15.71
Hun 7 leouced Data TIDula_lon
Valuo
).1t4 O|
).]14 OI
).100( 0!
3.65) O)
).151 01
3.0D1 O|
).111 O|
].?30 O|
).44_ OI
Nul
].115 01
].I11 O|
Null
).Otli 01
].i414 0!
).3514 O)
¢.]11( O!
).64t( O!
B-108
Gsuge Loc. Value T Surf Gauge Lo¢. Value T &urt Gauge Lo¢. Value T Surf
t_Del (Oegl (STU/IL_-SeC) IDeg_l L_be: [deQ) (|TU/ftl-Sec) |DegR) Label |sag) ||TU/Ftl-Secl |DegR)
HTb7 -611.00 ].097(-11 _35.45 NT79 -30.99 S.|$7(-1) $30.60 NTll -14.7b ).?Tb{ 0) 53|.20
H_S1 -61.|J 3.101(-11 $)0.75 HT78 -30.011 3.799(-11 530.32 NT)0 -13.60 ).670(0) S10.06
HTb0 054.|1 2.014(-1) 530.74 HT27 o30.311 ].307{ OI $3|.50 HT0 -12.113 1.74k( 0_ 530.17
HT44 -44.55 4.O44¢-1) $30.44 HT26 -3|.20 0.310|-12 $30.33 HT| -II.IIS 2.O111(O) 5)0.37
HT43 043.60 |.$33|01) 530.36 HT_ -27.41 ].399| 0) 530.01 NTT -]0.S) 2.450! 01 $30.54
H742 042.$0 |.750(-11 $311.75 HT24 -26.54 1.100f O) S311.g5 HT4 -S.S$ 2.000! 01 5311.33
HT4] -43.7_ 7.425{-)) 538.50 HT23 -25.44 4.369{-1) 5311.44 KT5 -t.04 3.2824 01 $40.02
HT40 -40.i11 i.ig_l-]) 531.44 HT22 -24.00 1.444! 0) 530.02 HT4 *|.10 2.345( OI 5311.71
HT)0 -40.0_ S.222(-12 530._7 MTT; -23.94 1.707(O) 530.20 NT3 -4.24 1.2_( 02 542.71
HT]0 -30.13 0.3551-:l 538.77 HT2C -23.00 1.447(0) 530.22 NT2 -1.56 1.421( 12 _47.07
NT37 -30.21 6.524(-_) 528.61 HTI9 -22.24 1.1551 0i 5311.44 HT1 -.62 N_}l N_l
NT)6 -37.42 4.0_04-12 5311.4] H_ll -21.40 1.508(O) $30.28 NT4S 4.34 _.447( 02 S30.ii
HT]5 036._ii S.f09(-l) 53|.54 NTI7 -20.54 N_ll Null NT46 8.10 2.24|(O) 539.?7
HT34 -35.47 1.44_(-12 _28.4_ HTI6 -10.42 2.093(C) 539.54 NT47 )6.69 4.168(-]) $39.32
HT33 -34.11 1.002(0) 534.62 HT3_ -10.64 3.009(0) 524.44 HT44 24.54 7.0144-11 5311.IIS
NT32 -23.77 N,l! Null HTI4 -17.66 1.6401 C) 5311.46 HT49 34.47 S.2431-lJ $38.60
HT21 -32.02 1.4_C(C) 530.0_ HT_3 -lS.69 1.70_101 530.26
HT)0 03_.IIS ]._(O) _39.03 HT_ -15.71 3.30_1 0J 5_9.18
R;_ 0 Aeauced Dace TibuLat$o_
Gauge
LibeJ
NT52
NTS]
HTb0
HT44
HTi)
NT42
NT41
NTiC
NTiS
NT)i
NT37
HTlS
NT)5
HT34
N733
HTJ2
HT2_
Gauge
LaDe:
NTS_
NT51
NTSO
HT44
HT43
_T42
NTi)
NT40
HT)0
NTI|
NT)_
MT36
NTiS
NT34
HT))
HT32
NT31
MT30
Lac.
lOeg)
-110.00
-61 .I13
054.4]
-44.54
.4'_.60
-42.60
-41.70
-40.44
-40.00
-30.13
-30.211
-37.42
-34,511
-35.47
-34.71
-).I. 7"/
-33.42
-32 ,I19
Loc.
(deg)
-40.O_
-41.03
-54.41
-44.55
o43. $_
-42.S|
-41.70
"40. lll
-40.DO
-34.13
-31.28
-3_.4_
-$6,511
-35.47
-14.71
-33._?
-32.12
-31 .i19
V4_ue
(ITU/FL2-$eCl
5.041 1-21
1.424(-])
1.4431-)l
3._44(-11
6.011(-11
S,]Ia(-I)
?.0011-1!
4.334(-I}
4.64_1-l)
2.0471-32
4.m_)(-ll
1.333(-1)
1,374(712
1.0141 G}
3.3131 0l
$_r:
Ve!_e
(ETU/FL]-Se_
3.2061 O)
4.ii201 O)
7.20_(O)
).571( 11
].551(1)
|.24]1 11
Null
1.576( 1!
1.$40( II
2.342( I!
_.722( 11
1,794l 31
Null
2.1 _7 ( 1]
Null
T Surf Gauge I,oC. Value T Svrf Gauge La¢. Value T ll_rf
(Degk) _Del Idag) [gTuIF_2-$ec) (DegR) LaDe_ (sag) (STU/Ft2-Sacl (DGQR)
540.3_ HT29 -30,SS II.143(-11 540._$ NTll -14.75 1.735! 0) S41.76
540.50 HTIO -30.00 2.$074-1] 540.06 NTIS -13.$0 3.002{ 0! 541.72
540.40 NT27 -20,111 1.2041 02 S40.60 NT9 -12.ii) 2.405(0) 542.04
540.13 HTIL -211.30 S.545(-12 540.14 HTO -12.iiii Null N_ll
54_.13 HT]_ -27.41 1,313( 02 541.05 NT7 -10.$3 _.357( 02 542.33
540.41 KT24 -26.$4 I.]C_(O) 541.20 HT4 -S.911 l.|711l 01 542.05
540,34 NT_) -25,44 3.427(-12 540.20 HT5 -0.04 3,4101 01 543.10
Null NT17 -24.|0 1.421(0) 541.12 NT4 -0.)0 3.40_(0) 543.10
540.53 NT]) -23.i14 ).Sl](O) 541.50 NT$ °4.34 11.020( O! 546.54
54_.56 HT20 -23.00 1.5_1( 0| 541.411 NT2 -1.55 1.350! 1! 550.01
540.52 HT10 -22.25 1.408(O) 541.13 NTI -.62 Null N_ll
540.4] HTIe -21.40 1.3574 Ol 541.45 NTiS 4.34 2.530(C) 542.6_
540.40 HT11 "20+56 N,_I Nw|l NT4$ 0.10 2.230{ 0) 542.18
540.20 NTl_ -19.42 1.i170{ 02 542.31 MT4? 16.40 2.OS6(-32 540.07
540.43 HTI_ -10.44 1.212(O) 541.2_ NTiS 2S.54 5.2001-1) 54C.90
N_ HT_¢ -)T.S_ ].503( 02 541.65 NT40 35.4_ 4.21_')1 540.54
_40._0 HT_3 -16._0 2.029( GI 541._4
_4_+9! HT!2 -|5.71 1.90_(O) 542.2)
i0 keo,ceo DIdo la_latlo_
T $u:f Ga,ge Loc. Value T Su:_ GIUQe LO¢.
(De_;) LaDe l (oeq) (STU/F_2-$eC) (begRI Label (OeQ)
b)7.C_ _T29 -30.99 2.]71( IJ 554.09 NT11 "14.7_
53|.7_ H721 -30.05 2.271{ 11 556.011 NTIO "12.11|
$41.14 HT27 -20.111 2.3311 l) 557.04 NT_ -12.03
540,5_ NT26 -21.20 2.1751 1) 555.90 NTO -l|.llO
5411.ii_ HTI_ -27.41 2.1471 ]) 555._1 KT7 -10.i13
Null NT24 -26,54 2.3TI( 11 557,36 NT4 -9,go
542.54 N723 -25.44 2.459! l) 551.10 NT5 -_.04
Null HT22 -24.00 2.470{ 12 554.45 MT4 -8.10
540.00 HT21 *23.94 2.5561 l) $40.g0 NT3 -4.24
550.14 NTI_ °25.00 2.4341 l) 5511.34 NT2 -1.S6
557.21 HTI9 -22.24 2.5121 1) 54_.02 HT) -.62
Null HTIe -21.40 Null N.ll HT45 4.34
560.94 HTI7 -20.56 Null Null NT44 II.10
551.21 NTlb -IS.t2 2.)49( 11 557.73 HT4_ 14.40
N_J] NTI_ "14.64 2.143( 12 547.74 NTa| 26.54
Null NTI4 -17.66 2.239( 11 5411.32 NTa$ 35.6?
55_.02 HT13 -26.110 2.602( 21 562.03
Null XTl2 -15.71 2.002(l) 554.$3
Run 13 RiO+tea Dlta Tabm1841on
Gauge Go¢. Value T llurf Gauge Inc.
La_el I_eg) (gTU/f_2-Se¢) (DegR; La_el Idag)
NTS_ -6g.o0 2.024i 0) $40.3_ NT20 -30.1111
NT$1 -61.i13 3.146( O! 541.13 NT28 -30.O0
NT$O -$4.61 4.031(O) 542.71 NT]7 -24.10
NT44 °44.55 _._47(O) 551.O6 MT2$ -211.20
NTa_ -43.60 Null Null X735 -27.41
HT42 -42.60 1.]411| 12 S54.?0 NT24 -26.54
NT41 -41.79 11.2201 02 S45.$1 N723 -2S.66
NT40 -40.111 9.1140(O) 550.4? NT22 -24.ii0
NTJg °40.00 7.965( O! $40.115 NTll *_$.14
NT)S -3_.13 !.ITS( 0! 543.4_ NT20 033.011
NTI? "$S.20 8.000(O) 550.00 NTIS -22.25
NT)J -)7.4] 7.044( 02 540.56 NTI| -21.40
NT)$ -36.S1 II.1241 02 $50.03 NTZ7 -20.Sii
NT34 -)S.07 7.701! O) $40.64 NT)6 *|f.62
NT33 -24.71 1.|2_( 12 554.10 HT)5 -)i.64
HT]2 -33.77 NU)] Mull HTI4 o17.66
NT]) -32.02 1.448(1) 557.27 HT13 -16.60
NT)O -$1.09 1,677[ 1) 547.32 NTI2 -14,7)
Run 14 RaducaO Daca TaDuII_IO_
Valse
IlTU/rt2-$ec)
1.464 II
1.662 II
2.104 11
2.260 11
2.259 11
2.322 ))
2.4211 ]!
2.0111 l!
2.170 l)
1.400 11
2.$47 11
2.423 l)
Null
2.3344 ])
2.33) ( 11
_.ii00 ( 11
3.624( 12
2.145! l)
T Surf Gauge Los.
IDeoR| laJbel (deg)
$56.2? HTll -14.75
$SS.34 HT10 -12.41
$ii1.98 NT0 -12.11]
$62.$1 NT$ -]1.0i
11115.2) NT? -20.112
$65.|) WT6 -11.110
$65.$0 NT_ -J,04
$54,40 HT4 -ii.]0
$09.SS HT3 -4.)4
S$1.1i NT_ -),$I
$1111.72 HT1 -.62
$66.64 NT4$ 4.34
Null NT40 8.10
$64.04 NT4? 16.|S
$64.60 NT411 26.54
$6?.20 NT4S 25.67
$62.$7
561.20
value
[BTU/FLI-Sec}
2.017(;)
?,342_ II
).040 11
1.$71 12
2.30_ 12
2.375 I!
2,361 ))
].734 l}
2.2?9 11
1.$05 ))
Null
2.3S3 l}
].$43 12
1.4134 1)
1.5941 I|
1.614 C}
V&lue
(BTU/Ft]*$e¢)
2.$56 12
3.010 ))
3.11741 12
2.357 11
2.7711 1)
L606 1)
3.)57 12
].1147 11
2.624 11
2.54) l)
Nul
].011 11
NU_
_.30S 1)
Null
5.11411-])
T 5;r:
(Desk)
555.21
55_.30
554.20
554.4)
Sb0.26
550.04
540.40
550.112
$56.114
554.JT
Null
557.20
SS4.12
553.$5
bSO.SC
b_.30
T Surf
iDeQ_)
544.47
$64.97
$42._S
559.17
SII|.12
SI14.112
S46.43
SST.gl
$44.13
563,05
Null
$$4.2_
Null
565.$1
Null
$3S.12
B-109
GauQI LOc. Value T |u[t GAuge Lo¢.
LaN1 (geg) ||Tu/r_)-sec| |DeQR! Lsbe] (oegl
NT$2 o69.00 ].061l 0) $¢0.be HT2$ -30.SS
NT$] -61.|3 3.]2t( 02 $4]._3 HT]| -30.01
NT50 -5t.t| 3.0421 0| $4],04 N?27 -21.10
MTa4 -44.$_ i.0101 O| $45.10 NTa4 -2|.20
NTa) -41.60 NuLl NuLl HT)S -27.4]
NT42 -43.60 1.1044 i) $46.42 NT34 036.54
NT¢I -4|.?f 1.310| O) $44.52 HT]) -25.66
NTI0 -40.88 J.27|( 01 544.34 HT22 -24.e0
HT2t °40.00 6.976( 02 543.51 HT2! -23.J4
NT]S -20.13 8.064| 0) $44.7? NT20 -23.0J
NT)7 *)8.28 7.3201 02 $44.2] N?]$ -32.35
NT2i -37.42 I.)6l| 02 $44.06 NTli -3].40
NT2$ -33.50 $.229( 02 544.08 HT17 -20.$6
NT34 -35.|7 6.607| 02 544.40 NTll o10.62
HTa) -31.73 Nul3 N_L_ H735 -11.64
NT32 °33.77 Nu/| NUX| HT)4 -|7.St
HT)i -32.02 1.2161 1) _40.40 NT]) -16.64
HT_O *31.01 N_11 Nu_; HT13 -15.?]
Sun 15 Boaucod Sara TaDulaLion
Gauge
Label
'NT52
NT$]
NTS0
HT44
NT4)
NT42
NT41
NT40
_T30
NT1|
NT)?
NT)6
UT)$
NT34
NT)2
NT)2
HT2_
NT)0
L, Co
IgogJ
-61.00
-62.83
-$4.43
-44.55
-43.60
-4).SO
-4|.T0
-40.08
-40.00
-30.]3
-)i.)l
-3T.42
-3|.5t
-35.67
-$4.71
-32.7_
°)3.03
-31.11
YaJ_¢
(NTU/rL_-S*C)
6.0711 0l
Null
N ul;
4.490 I 11
$._46, 11
7.6601 12
2.110_ ]!
].406 12
].452 ])
3.545 13
9.IQJ 0)
O.)$O 01
1.$_7 02
0.304 02
1.020 12
Aun
T Surf Gauge foe.
lOlgt) LaDe1 l,co)
553.17 NT20 -30.01
NUX) HT)I -30.Ot
Nu]; H?27 -_0.10
572.04 HT2i -20.21
HULL HT2_ -27.41
561.$) NT34 -26.$4
5S0.0t NT23 -25,16
$57, S4 NT22 -24.10
55_.37 NT2| -23.04
$53.0_ NT30 -22.00
$53.]7 NT19 -32.34
55].26 HT11 -21.40
$$0.41 HTIT -20.56
$$0.76 NTIE -1|.12
$S2.30 NT]5 -It.t4
NU|I NT|4 -37,16
550.22 MTI) -10.6t
$$5.60 HT]2 °35.7]
14 Red.tea Oaca Tabu_acLon
Gauge _o¢. Va_ue T Surf Gauge _c.
LaJs'| (degl (lTU/rt 2-$o¢) (_lgA) IalDa_ (digs
NT52 *i!.OO 3.9014 O1 $40.05 NT21 *30.09
NT_] -l].13 _.)121 O) $_0.73 NT2I -30.01
NTSO -S4.$] 9,8741 02 $17.61 NT27 -21.]|
HT44 -44,S5 i.473| ]) 574.03 NT24 -31.30
NT43 -42.40 Null Nu|l NT35 -37.41
NT42 -1|.Sl N_|| Null HT34 -_4,$4
NT41 -41.71 _.$52{ 13 _73.]0 NT33 -24,16
HT40 -40.IS NULl NU|I HT2| -24.10
NT)I -40.00 2.2304 1) 5l)._S H_21 -3).04
NTII -30.13 Null Nui2 NT20 -33.08
KT2? -3l._1 N,I] NULL NT19 "2_.25
NT26 °37.42 N_;I Nul| HT;I -23.40
NT]$ -36.$| NU|I N_|J H_17 "20.$4
N_34 -35.17 2.$131 ]) $10.$7 N_4 -21.42
H_32 "34.71 4o3251 12 $11.63 NTIS "]l.i4
HT)2 -33.77 NU|I NU]) NT14 -]?.4S
NT)t -3_.82 3.536(3) 502.73 NT15 -1&o40
NT30 -31.0| 3.$33( 11 5|3.]$ HT12 "15.71
t_n 17 ROIuCO4 Dltl _abullt)on
(log)
-41.O0
-61.13
-$4.61
-44.Ss
-4)°60
-42.60
-4|.70
-40.04
-40.00
-30.13
-1eJt
"|T.43
-36,$0
*l$.S7
-34.?!
-33.77
-32,8_
-31,1l
Vi;vo
(lTU/rtl-lo:J
3.3154 O|
3,0034 O|
7.2301 O)
1.432111
3.411 12
1.319 ;)
].its 11
1.$3S 1)
).021 1)
2.353 13
_,345 1)
2,071 II
l.lll 11
2.733 14
Nu]:
_.4|7 ))
3.054 l)
Run
Gauq_
L_OeL
NT$3
N?$O
NT44
NT43
NT4_
N_40
NT]O
_T2|
HT2?
_]4
NTiS
NT34
_T33
N_32
NT]]
Va_ut
IITU/Ft)-SIC)
1.206 I)
1.530 11
1.032 ;)
1.$47 t)
1.4574 11
1.003, 12
1.024_ ]l
1.4071 11
].515_ ])
1.220| 1}
1.1074 11
?.st7( tl
].?_5( 12
1.3114 32
Va_ue
IITUIFt)-SlC
S.r)55 0)
7.1_4 O)
1.]$3 12
Nu!
5.941 02
S._Sl 02
1.e22 0l
7.573 0|
7.060 0|
0.510 O)
$.S20 02
S,710 O)
8.17_ 02
1.254 O)
i.553 0!
].2_4 12
8,_50 O)
1,481 01
Value
(ITU/F()-Se¢
3.0_1(])
3.340( 12
4.S]I| ])
Null
t.401 1)
1.101 2|
1.110 22
l,]S0 13
$.960 lJ
4.143 31
2.052 12
X.$00 12
1.357 14
1.072, 11
i.261, |l
].210 12
1.3)| _)
].437 12
!iurf GavgN l_c. value
(DOOSl L4beL (log) (ITuIrt]-Sec)
$31.77 HT30 -30.00 2.740(i)
$34.5$ H_31 -3_.00 2.230( 11
$4].14 NT27 -30.10 3.030( 1!
$$1.2$ HT21 -20.30 Hull
NU]_ NTa$ -27.41 3.344( 13
$02.2S MT34 -34.$4 _.3441 ])
$40.47 NT2$ -23.16 3.131| 1)
$$7.08 HT33 -34.|0 ].|131 12
$$1.O2 HYIl -13.t4 4.Oil( 11
$44.$4 N_20 "2).00 I.$701 ))
$60.02 HT10 -23.25 1.110( 33
540.00 NT10 -23.40 1,101())
$4$.71 NTIT -34.$0 4.194l 13
$_5.61 NTIS "10.42 2.711( il
$66.04 NTI$ oi8.44 1.4004 12
NuJl NT14 -)7.iS _.0171 1(
564.$7 NT13 -16.60 6.]20( D(
Sit. S3 NT)3 -15.71 0.032( 02
34 IhtdUCld Oitl Tabu|6_o_
T Surf
(D*9_)
$47.24
541.40
$52.44
$S0.43
$S1.41
$54.4_
$53.17
S50,Ol
$_?.77
554.86
$$2.42
553.23
Null
541.02
$50.24
553.79
551.51
)DIGS)
549.44
550.19
$$4.44
Null
541,31
550.08
550.60
551.14
552.13
SSl.40
553.70
SSa. D_
$52,05
551.73
553.54
5b4._0
552.27
551.14
T Surf
(DIGS)
SSO.3]
SlT.16
SG4.03
Mull
ill.Ol
010.03
504.33
501.00
570.54
565.40
$51.33
$57.51
557.0!
555.09
557.07
$$7.04
556.00
T Surf
(DNgR)
061.34
$47.19
$70.41
Null
$71.$1
$73.33
574.?0
S03.71
400.33
613.33
627.03
607.0$
$14,ii
$$I.10
$S?.02
$44._5
547.71
G_uQo
t.,._l
NTII
NTIO
NT9
NT8
HT7
Ir_t
NT$
HT4
HT3
NT2
NT45
NT4S
HT47
HT4|
NT41
GauSe
12_11
HTll
NT]0
NTI
NTI
HT1
NTS
NT5
NT¢
_T3
NT2
NT2
NTS$
NT46
NT47
NT41
NT4_
Giuge
K,_oe |
KT]I
HT10
h T_
PTO
HT?
HT4
_TS
NT4
h_]
NT2
HTI
NT4S
NT44
NT4 ?
NT48
N744
Gluge
i._oel
NT11
NTI0
N_0
NT7
HT6
NT$
NT4
NT_
HT2
NT!
HT4S
HT44
NT47
NT41
N?4t
Ioeg)
-]4.75
"13.6|
-X2.12
-]1.1i
-10.92
"9._1
*9.04
-1.30
-4.)4
*1.$4
*.42
4,24
I.ID
]4.41
36.54
35.41
/,so.
Idog)
-14.75
*_3.41
-12 .I)
-11,11
-10.93
-O.II
-1.04
-i.10
-4.34
o] .54
-.42
4.34
1.30
]4.SI
24._4
)_ .S?
_o¢.
(dug|
-14.75
-I),61
-12.1]
-11,11
*10.S)
-l.n
-$.04
*i,10
-4.24
-].$6
-.42
4.24
I.]0
]4.60
34.54
35.6?
Ld)¢.
(aDS)
-14.75
*]).40
-12.13
-]],II
-30.13
-0.01
"0*04
*t.lO
-1.34
-1 .$S
-.&3
4.34
|.|0
IS.il
24.$4
35.57
VaJue
II?U/rt2-Sec)
1,2851 ))
].2471 12
3.)44(])
_.441| 11
3._)${ 1)
|.46|| 1|
2.031( ]J
N_IL
).9_)(])
$.92i( 1]
Null
).1141 1|
Hull
].424) 1)
$.2924-1_
4.4114-12
Va_e
(DTU/Ft2-SeC)
1.202| D)
t.342| O)
].OOT ) 11
1,171 ( DI
0.0111 GI
1.2411 O)
).ISIS ii
3.2144 31
].175 ( II
0.]03 ( OI
N_IL
1.7121 O)
_.001) 0)
I.TlSl 0)
3.4tl | ¢!
Va_uo
¢STu/rt2-$ec)
1.4471 )I
].)48( 11
1.3911 ])
).3051 32
].212| ])
X,]]$1 ])
1._0|1 l|
i.051( 3|
I.]I$I 11
].09) I 1)
_.7014 O)
?.0|0( Ol
7.043( OI
2.247( O_
VaI_I
(IITU/Ft 3-1ecl
1.0104 II
0.114](O)
1.4534 ])
I.$1134 i)
1.1534 32
I.I071 I)
1.1152 X)
1,31114 1)
1.1131 II
1.0514 11
Nui]
0,0111 0)
?.771 I OI
i._31 (D)
4.42] (D)
5.001( 02
T |_r!
|DeDA|
55).0]
541.75
_50,50
553,34
550.01
_40.Sl
$$3.35
559.11
$14.$t
Hull
54).43
531.20
T S,rf
S$1.24
542.$D
552.41
55).25
5_3.35
553.12
552.96
551.20
555.01
541._5
Nu_
)21.5:
b$_.63
_42._2
T Sur!
(Deg_)
5_7.03
551.i]
)56.44
S$S.21
554.D6
554.74
$$1.07
$15.3]
554.37
$55.4t
Hull
$$S.O4
552.$4
$52.20
Null
244.71
T Surf
I_egNI
$47.17
$40.71
$4J.41
05D. il
$$D.26
$41.0]
$47.47
$¢D.00
$40. ii
$44.76
NU13
$44.05
$4).45
542.4O
)40._!
$4].75
B-110
_ege
La_l
NTS?
NT5]
HT50
NT44
MT4)
HT42
_T41
HT40
HT)I
HT31
HT3_
RT)6
H_]5
HT34
NT13
HT)2
HTII
NT)G
LOC. Value T lur[ C.auge _oc. Vllue
(aagl II?U/rt)-$ec! (DegR) L_b_l 1dog) I|TU/TL)*SeCt
-15.00 3.621( 01 511.72 H_9 -)0.09 h.,RII 11
-6].03 ).6731 G) S40.14 X?)l -30.00 ].1161 11
-54.6] 5.7311 01 542._2 HT2? -21.|1 2.|201 ])
-44.55 3.2631 11 547.64 _2_ -2R.21 3.1_31 11
-43.60 HUll N_]I NT25 -27.4] 2.454( 1l
-42.J4 ).703(1) 55].40 HT24 -36.54 _.?4h( 1}
041.?$ ?.504! 6_ 541.R4 _T]3 -_5.66 2.71_1 11
-40.Jl 1.4311 ]l 541.)) NT22 °24.00 2.0751 2)
-4C.O0 0.4601 0J 545.71 HT22 -23.04 3.2241 ]l
-3g.13 h.02_ ]1 552.2g _T_O -2).01 3.0454 )!
-31.21 ].664l ]) 550.02 HTZ9 -32._5 $.R20| 1!
o31.42 1.753(1) _S0.I0 HTll -)1.40 $.19](I)
-]t._6 2.1|2( 1_ 552.90 HTI? -20.56 3.3561 _|
-35.67 1.1491 |) 542.11 NTl4 -16.63 4.127(3)
-34.71 ].154(1) 552.2_ HTI_ -3|.64 1.6111 ))
-)_.17 k_ll Hull HT_4 -)7.66 1.]S]1 2i
-32.02 1.141l 1) 552.5: HT_) -16.60 0.064())
-3).09 2.C321 2i 553.35 HT_2 -11.?] ).115(1)
R_n 19 Reduced Dale TaD_ldLLO_
T |ur:
IDeQR)
552.40
552.75
554.44
553.lL
51_.14
556.0_
557.60
$5D.45
541.)4
562._2
566.37
541.54
56_.0_
572.20
$1429
S,4.31
519.0_
524.34
G_uge
L_beJ
H_hl
HTI0
_TI
MTI
HT?
_T6
H_5
HT4
NT)
H_2
NT)
HT45
HT44
HT4_
NT4B
NT41
1dOg)
-_4.75
-]3.64
-ILl3
-11.,R
-10.11
-1.01
-0.04
-e.h0
-4.34
-1.55
-.62
4.14
1.10
16.69
35.6_
Va_e
IRTU/Ft2-$eC)
1.$01t _1
0.22910J
5.560( OJ
6.2651 0)
1.054( 01
1.1|5( 1l
1.2R4( 11
1.4_O(l)
h.464 (])
1.24LI ]I
1.014( _l
1.t04 ( 01
1.2091 0l
4.116101
T lUTE
IDmgPl
5k_.46
54|._0
544.6_
$44.1_
$45.30
545.14
54_.23
549.]4
54_.33
546.14
544.55
541.16
54_.52
542.11
Gau04 _oC. Va_oe T S+:_ Gavge _Oc. Value T Sd_T Gadge _c. Ve:_e T l.:!
Label lOeg) II?_IFL2-SIc) IDIQR) LI_II IOegl |l?u/rL)-se¢; |l_Ig_) _bli {Oe+1 (I_UlT_2-Se¢) 10eqR+
NT52 -61.00 3.1121 0) 545.02 HT2f -$0.00 Null Nul] NTZ] -14.75 1.34_l 01 549._3
HTll -61.03 4,3261 02 544.01 NT20 -$0.00 1,O071 )) 623.20 HTlO -13.61 9.239(0) 541.03
HT50 -54.6] ?.li?l O) S41.1O HT31 -29.]1 1.1501 21 t20.19 HT4 -12.11 1.0tO( hi $49.75
NT44 -44.55 1.6161 ]) Ssl.ll NT24 -28.21 ?.O_5( )1 607.51 HTO o)1.14 1._]14 C) _41.)]
N_43 -4].J0 _._2( l) 550.$_ HT2_ -27.4l t.990{ 12 bgS.]? HT? -hO.93 6,15_{ 02 546.90
HT42 -42.6| 2.4141 hi $41.39 H?24 -26.54 4.4511 11 _14.04 NT6 -l.ll 3.b31( 01 54_.11
HTal -4].29 ].t)l( ]l 558.]2 HT_) -25.65 2.0111 11 572.05 H?5 -0.04 1.0J4l C) 541._g
NTao -40.10 ).0211 )) 55_.59 HT2_ -24.10 1.1201 _) 562.40 fl?4 -1,]0 6._751 0) 543.5_
HTJ_ -40.00 2.106(l) 542.05 NT21 -23.44 ),1101 )l $$4.]_ NT3 -4.14 3.521(O) 544.20
NT31 -3|.13 2.1721 ]I $4g.|2 HT20 -23.01 1.10]{ 0| 553.65 HT2 -|,54 3.12]1 01 544.13
,237 -11.21 3.14_1 _) 55_.52 HTIO -22.25 1.217t 11 557._4 HT] -.52 _;1 _]l
HT)£ -32.43 2.2031 ]) 56_6_ _TII -21.4C _.Ol)(O) 54T.R? HT45 4.34 2.296{ C} _4).19
H735 -]4._4 2,_14( 1} 572.93 NT]? -20.5t 6.03_(O) 550.12 HT46 l.hO 2.46_1 0) $43,11
H734 -)5.67 1.)_| 1_ 554.1_ H_$_ -15.62 7.5441 0| 54,.4R K_4? 1R.Rg 1.05_{ OI 542.41
NT)) -34.7] 2.91J1 )l $84.11 HT15 -]0.64 S.&OSI O) $47.05 HTaI 24.54 1.62_(0) 543.53
HT)2 -33.77 N_: N_ll HTI4 -17.6£ 7.610(O) 541.53 NT49 35._1 1.C14(O) 542.3_
_T11 -3_.13 4._2;_ II b14.4_ _13 -it,&g ?.512(O) 549.42
HT30 -31.19 _ k.:_ _T}2 -11.?] 0.2401 O) 540.R_
_r 2_ _eo_ced RILe _e_lallo_
S_ri
(DeORI
sO0._3
519.01
506.2]
524.f)
511.11
54_.13
$6].29
554.50
5_5.60
5S0,4_
$52.20
555.11
556.41
514.1_
553.0?
5_2._2
551.14
T S,rf
IOegR)
S6S.,?
S70.$3
S22.52
S21.64
575.10
5?l.)S
$66.07
$1].06
)07.?4
505.00
$01.39
6_4.O0
64).6_
639.05
Sll.l?
551._4
_uOe LOC. _a_e _ $_f Ge_Qe LOC.
_P_I (OeQJ IiTO/Ft)-Se¢) lOegk_ I,S_¢I IdeQ)
HTS2 -41.00 3.3_(O) 547.32 _?29 -10.59
N?5] -61.13 4.6441 C) 541,41 H_21 -10.0R
NtSC -54.6) 6.3121 0} 550.41 HT2? -21.10
NT44 -44.$5 1.236( 11 55_.]] H_26 -20.20
m_4) -43.6C ).$00( )l 552.32 HT)_ -27.41
KT42 -42.60 2.317(1) 565.40 HT24 -26.54
HT41 -4).?R 1,349( 11 5_6.00 HT2) -25.44
MT40 -40.ll h.1141 11 557.19 _321 -24.0C
NT)I -40.00 ).?)TI )l 550.12 NT2] -23.,4
HT)I -3,.13 2.1711 )l 566,47 HT20 -)).OI
H_)? -]1.2, _.013( 11 549._1 HTI_ -22.25
H236 -32.42 3.254(h) $71.19 HT]I -2].40
NT3S -36.51 $.S_6( 11 564.S_ NT)? -20.$6
HT34 -]S.i+ 3.421( )l 524.11 HT16 o11.12
MY)) *14.?] 1.265(l) i04.99 NTIS -11.R4
NT32 -33.?? N_ll NuJl HTI4 -17.66
HTJl -32.12 1.900(l) 611.41 HTII -14.61
NT)0 -]1.19 9.244(l) 609.52 HTI2 -]5.?1
R_n 31 Reduced Oata T/D_latlon
Gauge
HT]_
HT0
HTI
HT1
HT4
HT_
HT4
NT3
_T2
NT]
NT45
HT46
NT49
HT48
NT45
Ga0Q!
UTll
NT10
NT1
K?I
NT7
HT6
HTb
HT4
NT2
_T45
HT46
MY41
H?4I
HT49
va_e
lOTO/[t2oSec)
6.066l ])
4.1171 I)
4.115(l)
3.]eel 1)
_.613(I)
2.5d0( ]1
1.701( II
h.lh2{ 1_
,.5524 O)
?.1311 01
0.634( 01
7.910( 01
5.0_0(O)
4.440 ( 01
4.17hi 01
6.173(0)
5.644(0)
5.078(0)
Loc.
(oegl
-14.25
-11.65
-12.11
-ll.0e
-10.,3
-1.04
-R.04
-1.10
-4.)4
-1.$6
-.62
4.14
1,)0
1&.69
26.$4
35.4?
I.(14.
1_dg)
-14.75
-1),RI
*)2.0]
-11 .II
-10.11
-I.II
-0.04
-0.10
-4 .]4
-1.51
-.62
4.34
0.10
16.f0
)$.54
35.1_
Veloe
(ITU/Pt2-SeC]
L5111 10
_.S|?( 11
].70_( 11
2.6O2( %1
).R20( ]l
2.t661 11
).06?( 11
3.$)$( 11
4.)?]( 11
3.?R2( hi
4.O631 )1
4,}511 11
W+II
1.O??(_)
?.232())
2.1601 ])
1.104())
Va;+e
(|TU/rL2-$ec)
5.671( 01
5.2391 O)
6.?)21 C)
4.T2_1 01
).4?2{ OI
4.14_( 02
4,5O5( 01
3.?R3( Ol
2.312(O)
1.311(0)
2.612( 01
].424( 01
?.624 (-_1
1.512(-1)
Value
(|TU/Tt2*Secl
1.7131 01
4.071( 01
1.]2110_
).335( 11
1.6011 ))
1.40_( II
].)?i ( 11
1.$401 )1
1.$_11 h)
Nu] l
WwJ l
1.2kOI 11
e.65_1 el
6.i6i(O)
S.1401 01
?.6))( 0!
Gdu_e _oc. Value T SUTf Gauge _oc.
I_lDe] ¢aeg) (ITU/Tt2*SeCl IDegR) IA_el Ideg)
R_$) -6,.00 3.51_i 0) 54_.,1 HT)O -)0.00
fiTS] -61.11 ).?001 O) 54).0) HT21 -$0.01
N?50 -54.I) 6.69?( 01 5¢6,06 HT)? -20.10
_44 -44.$5 1.3_41 11 $54.0? KT)6 -21.2|
ITS4) _4].60 1.310(1) $54.51 KT25 -_7.41
NT4? -4_.61 ).004i ]l SR3.60 NT24 -21.$4
NT41 -41.10 1.O))( 11 $$1.02 HT_) -25.46
NT40 -40.11 ].6111 ]_ $50.20 NT22 -2(.10
NT39 -40.00 ].242(1) )54.54 HT2] *2).04
NT)I -14.11 2.225( 11 56T.44 MT20 -21.OI
HT)T -11.21 ].R]7| |) _&).O9 HTI. -22,3_
NT36 -3?.42 h.'6?(|) $6).)5 HTll -2).40
NT)S -]6.$1 ].)45(1) 561.15 HT]? -_0.]6
NT]4 -)$.J7 1.6411 1) 560.0) HT]6 -)0.62
MT]] -)4.?) 3.)))( 11 56?.)4 HT15 -il.64
1_12 ")).?? M_| Hull HTI4 ")?.64
NT3) -32.12 _.1471 )) 566.]0 HT13 -14.60
NT)O -]).10 2.5421 )} 549.61 HT_2 -15.31
R_n 22 Aed_¢ed D&ta Ta_lathon
T $;:!
(DegA)
552.02
55_.47
541.01
549._;
_45.00
541.42
542.14
547.]1
541.00
547.2_
54_.24
T l_r!
(DegRl
541.0|
541.15
$51.00
554.i2
$54.46
554.41
SS4.11
555.06
_SII;
Wm]l
kull
5bl,ll
540.61
]¢1.)_
$45.67
541.06
B-111
Gauge
LaNl
NTS]
HTS0
NTt4
HT4$
Wr1]
tCr41
NT40
_rT)l
HT)S
HT$?
NT]I
HT]S
HT)4
_4T33
HT)2
HT)l
HT)O
Loc. Vilue T Surf Gauge I,oc. Value
(_*01 ¢|Tu/rt?*Sec) ID*qR) _.*Del ¢O*¢! I|Tu/rL?-S*¢)
-S|.O0 4.)541 01 $45,70 HT21 -30.99 4,t|61 11
-61.1] 5.164| 0) 547.55 NT)| -30.06 1.002| I)
-54.61 1.041( 1l bbl.T? HT2T -29.18 1.]72(3)
-44.55 2.110| 1) 543.43 HT)I -38.21 1.0434 3)
-4].60 ].1751 11 563.15 HT35 -]7.41 7.665( 11
-42.61 3,S07| 11 5T?.31 HT34 -36.54 5.3171 11
-41.70 1.7731 11 5t0.04 HT)] -)b,66 3.6531 11
-40.6| 3.045( l} 573.41 HT23 -34.10 3o|611 11
-40.00 3.363! I) $64.S| HT?I -7].64 3.0331 11
-31.1] 4.4S31 11 51|,44 HT)C -3).Pl 1.632( 11
-31.31 3.105! 1) 511.13 HTI| -33.25 1.530| 31
• -37,4] 3.7131 11 b79.12 XTll -71.40 l.Sil{ l)
-)1.51 4.141| 11 511.41 HTI+ -30.S6 t.735( 11
-]S.17 +.1111 11 171.01 Hi16 -!1.62 1.$St! 1)
-34.71 4.1311 11 584.3! Htlb -ll.t4 3.063( 11
-]3.27 Hull Null NT14 -17.61 3.315(1)
-]2.13 ].2501 1) 581.2| HT13 -1S,G9 2.$44( 11
-31.11 ].4411 11 51T.G9 HT12 *15.71 1.1341 1)
HUn 3] RId.led Data TiDula_lon
Ga+@e Ld_¢.
1,abel 10491
mTb3 -IS,M0
HTbl -11.13
HTS0 -54.11
HT44 -44.55
HT4] -4].S0
HT43 -43.16
HT41 -4].7|
NT40 -40.el
HT)t -40.O0
HT51 -35.1]
.t)? -)l.Tl
HT)6 -37.42
HT35 -36.51
HT)4 -]S.S1
HT]] -34.71
HT)] -33,_?
HT31 -33.12
HT)O -]1.19
ValUe T S_rt
IHTU/F_3-Se¢I (DegAS
5.4041 0) 544.84
6.1941 01 )50.12
1.1131 I) bSb.t3
].0531 11 5_3,44
].600[ 1) 571.24
4.0DZl 1) 5||.12
1.7701 1) 561.71
3.1351 11 _Ti. IS
1.1431 11 5T0.34
3.316(I) 515.31
3.063C 1] SI0.1+
2,517| 11 501.J9
5.?]36 11 590.34
4.73OI 1) 5_0.31
1.2351 21 65o.15
H_;_ Nut)
1.2131 ]) 655.75
1.741(l) S15,43
Sdfl 34 ReOdClO
T Surf Gsuge Loc. Value T Surf
|DegR) LaDe l IOIQ) {BTU/rc)-Secl (De)H)
593.10 HTll -14.T5 7.012(1) 556.35
$15.91 fiTl0 -)].bO 3.141( 1l 555.97
634.73 HT9 -12.|1 3.2071 l| 551.09
13J.33 HTI -It.iS 1.9511 11 SSS.??
632.10 HT? -10.93 1.T04(1) $54.16
606.50 HT6 -9.91 1.5211 ]l S53.44
561.30 HTb -9.04 1.7771 l) SS3.49
5?4.37 HT4 -1.10 1.643(1) $5].13
560.57 HT3 -4.34 1.]gO(1) 553.64
55|.00 HT2 -1.56 1.4151 1) 553.54
55S.55 HT1 -.62 Hull N_lI
556.73 HT45 4.34 1,04_| 1) 540.59
556.37 HT41 1.10 9.010(O) S49.23
555.45 HT4? 16.69 _.260(O) b4S.0]
550.10 HT4| 36.54 4.7_2( 01 54T.37
$$7.99 NT49 35.6_ Null Mull
554.70
554.3C
Gauge Loc. Vllue T Surf Gauge Ld_c.
Libel leeg) (JTUlr_2-sec) (OogH) Label (Meg)
HT)0 -]O.D| S.lgll 11 612.69 HTll -14.75
HT)| -30,01 ).fib| 1) 5|4,41 HT10 -l].tl
HT]? *)|.ll ].9001 l) 515.05 HT) -12.13
HT)6 -31,31 1.8031 11 563.64 HTI -11.11
HT2$ -77.41 1.6131 1) 510.41 HT7 -10.13
HT34 -]6.$4 I.bl21 11 550.46 HT6 -5.98
HT2] -|5.66 1.5001 1) 540.00 HT5 -t.04
HT23 -34.10 l.?Sll 11 5_9.11 HT4 -1.10
HT)I -33.94 1.2301 1) 557.50 HT] -4.34
NT)0 -]3.00 1.394(1) S51.15 HT3 -l.SS
HT19 -)|,IS 1.011( 11 $S6.$1 HT1 -.63
HTIS -31.40 1.3951 1) 557.54 HT4$ 4.34
NT17 -]0.56 1.416( 11 556.40 HT44 S.10
HTI) -11.13 1.7734 O) 554.19 NT4T 16.69
HTI5 -14,44 1.105(1) 556.13 HT40 26.54
HT14 -17.66 1.011(1) 555.T6 NT49 35.$T
HTI] -16.69 1.141(1) 556.33
HT12 -15,71 1.0491 11 5_5.$5
_IL8 ?ID_latlO_
Gl_9e Loc. Valve T S_r! Ga_qo Lee. Voi_e
LaPel Idegt (OTUIFt]-lec) 4D10 A) L_Del I0e9) (ITU/F_2-S*¢)
HT53 -19.00 $.4841 01 550.75 HT39 -]0.t) 1,3111 11
HTS1 -SI.I] 0.1134 O) 551.13 NT?I -]0.00 t.bOlt O)
NT50 -54.61 1.2034 11 557.14 HT37 -2|.11 5.1361 O)
HT44 -44.55 ].974[ 11 517.51 HT)S -31.71 l.lJl(0)
NT4S -43.10 3.2431 11 5tO.41 H735 -37.41 7.511( O]
MY4) -43.61 ?.1771 i) 621.13 HT34 -36.$4 |.]15(O)
HT41 -41.71 4.677( 11 511,12 NT_] -25.16 5.4941 0)
HT40 -40.11 7.t101 1) 117.31 HT73 -]4,10 S.I114 MS
k_]1 -40.00 6.7501 11 616.34 NT?| -]3.t4 6.313{ 01
MT$| -31.13 1.0$]| 75 635.11 HT)0 -]3,01 7.155| O)
HT)? -31.3i 1.4]b¢ 11 607.14 HT11 -33.35 1.030( 11
Nt]l -31.43 7.1311 I1 51].01 NTII *]1.40 1.130101
HT]5 -3t.50 4.t41( 11 $_1.73 HT17 030,51 9.511(G)
HTS4 -35.17 4.4101 |) S71.O0 HT16 -1_.6] |.71](0)
HT]) -34.71 ].7341 11 564.15 HTI5 -11.64 9.0311 O)
HT)3 -$3,_? Hull Null HT14 -17.61 7.103(O)
HT31 -33.13 1.144( i1 551.66 HTI] -11.69 J.01?(O)
HT)0 -31.19 1.4441 11 5b7.27 HT17 -1$.?1 7.6101 O)
Gauge
i._NI
HT$=
NT51
HT$O
HT44
NT* )
NT4]
NT41
NT40
NT] I
MT]O
HT)7
HT)6
MY]]
HT]4
NT$)
HT)]
NT)I
MT)O
Run 35 Seduced Data _ab_la_lon
Va_ue T Su_!
(BTU/F_3-SeC) (DOQR)
1.017_ 11 5S$.43
9,)01| 0) 554.17
S.3621 O) 554.17
1.1514 l) 556.25
8.63T| 01 554.30
6.413{ O) 551.94
_.3731 01 551.03
1.3121 O) 553.51
7.3371 O) $53.1_
7.615( 01 553.15
Mull Hull
1.1_T1 O) 551.90
7.9131 O) 551.47
4.764( D) 551.32
5.444( O) 549.)0
La¢, Value T lut_ Gouge _OC, VeiNs
(deg) lITU/r_]-Iec) (De9 H) I,.a_l Ige9) (iTu/r_3*sec)
069.00 I.I]]( OI 539.43 NT]J *]0.95 ].S04( 11
-1],i) ).Oi2( 0| $40.40 HT]I -30.0i 3.i16( I|
-54.61 $.4]$| 01 543.$] HT27 -]t,11 5.337( 11
-44.S$ 1.474( 11 552.]7 HT36 *]8.30 ?.337( 11
-45.60 2.]55| 11 $41.66 HT_S -_7.41 1.005(3)
-4].18 ].]11( )| 559.11 HT34 -]1,$4 ].116(])
-4].71 2.]41( ]| SS0.41 HTT) -IS.iS 1.151( 31
-40.11 ].49|1 11 $S+,O4 NT)] *|4.iO 1.060(l)
-40.00 1.714| il 554.07 HT31 *)].14 $.777| 11
-3t.1] ].)0](1) 551.41 MT]0 -]],01 4.1141 I)
*]1.]1 ],]15| 11 $b$.45 HTI_ -]].35 ].]6]( 11
-)7,4] ],1111 11 $5?,0] HTll *|1.40 ).4131 11
-]1.50 ].175| I) $6).90 HT17 *]0.$1 ].$1|(I)
-$$.67 1.716( 11 554.]1 NT16 -10.61 !.447( 11
-14.71 ].$14(1) 5ti.ll NTIS -1i.i¢ 9.173(0)
.]].77 Hull Hull NT14 -17.16 1.146(I)
.$].|] ).650| 1) 569.58 HT13 -16.66 1.631101
-11,11 ).J11( 11 57T.|3 HTI] -11,?| t,173(O)
lufl 37 1sauced Dltl Tl_Ull_lO_
T s_r! Gaule Lee. Val_e T S.r_
(DeOA) I_bel IO40] (BTU/r_2*Se¢) (DegH)
555.63 HTII -14.T5 ?.|51(O) 55].46
554.34 HT10 -1].$0 ?.S0](0) 55).36
554.50 HT5 -12.1] 7.313( OI 553.71
55).)9 HTI -11.11 ?.1451 01 551.46
55].4? HT? -10.63 1.t011 0) 554,1t
554.9) HT1 -S.18 7.773(O) 553.S0
SS¢.SI HTS -S.O4 7.165(0) 55].10
$$4.13 HT4 -0.)0 i,215! O) 552.t3
554.11 HT3 -4.34 t.110| 0) SSS.II
554.41 HT3 -1,56 1.13]( O) 555,11
554.6? HT1 **63 _ull Hull
554.70 N745 4.]4 ?.7104 Ol 553.t0
551.13 HT46 0.10 6.|S_(O) 55].10
554.06 HT4? 16.66 ?.51]( 01 $53,45
554.05 HT4| ]S,54 5.765( O) 551.31
554.13 HT45 15.S? 6,5604 01 553,66
554,5S
$5).$7
T 6utt Gaule _o¢. value T iur!
(Deg_l lalDll (deql |HTU/r_3-1e¢) IDegR)
576.41 HT11 -14.75 1.063| 1) 547._6
511.]1 HT10 -11.60 1.OIS( 11 546.t7
605.13 HT9 -1].93 1,1161 1) $47.96
61].37 HTi -11.1i 1.130| 11 547,$0
6]0.30 HT7 -10.11 5.01]( O| $44.41
67].56 HT6 -9.01 1,711(O) $41,$I
10].$? NT5 -9.04 1.155(O) 543.17
60].70 NT4 -6.10 6,]01(O) $4].0?
511.15 HT3 -4.34 6.3]6| O) 531.60
57t.]6 HT] -1.$6 7.Ol1| 0} $31,4]
56?.]6 NTI -.t3 Hull Hull
$50.20 HT45 4.]4 4,153| O| $$1.05
$$).65 MT46 8.]0 _.105( O! 537.01
550.42 HT47 16,15 7.706(-11 5]6.$9
541.1| HT4S 25.54 3,057{-31 _]6.15
54T.17 HT41 35.4? I.$?$(-II 551.11
541.]1
547.07
B-112
C_uga
i,aa. _
HT_
HT_I
HTSD
NT44
HT43
HT42
NTRI
NTa0
NT)g
NT]I
N737
HZ36
NT3S
NT)4
NT)]
NT33
NT31
NT]0
/o¢.
(a,g)
-ag.o0
-41.03
-$4.6]
-Ra.ss
°43.40
-4J.60
-41.79
-40.JR
-40.00
")g.)3
-31.30
-37.42
"31.$1
-'45.i7
-)4.Tl
-)).TT
-32.03
-)l ,OR
Value T R_rf
|ITUIFL)-£eC) (DIgR)
2.102 O) 5]R.4R
).S32 0] $40.3J
5,004 0) 54;.14
1.612 11 5_3.14
|.06]1 1| $50.]9
2.216 1) 563.75
1.304 10 SS3.04
1.367 )) 550.T)
1.633 lJ 5_7.74
)._04 l) $44.SS
2.118 13 $69.62
).])3 )) b69.40
3.i34 )l STt.01
3.75_ 10 $67.92
7.616 1) S_6.DR
g.714( I) 5t5.43
].ORS( 30 $_L.61
lu_ 38 Reduced
Gauge lade. Value T S_t!
_.abe_ (dig; I|TU/Tt)-SIc) |DIgRJ
NTS3 -it.00 l.S))( 0| 539.S_
NT$1 -II.I] ).SIC( 00 S40.3_
NT$O -54.41 4.040( O( $43.JR
NT44 -44.54 |.|351 I) S43.40
NT42 -4).60 1.?174 10 St0.|8
NT4] o43.61 3.ill(]) ST].06
NT4I -41.75 3.1S2( II $14.$3
NT40 -40.01 2.376{ |) SIR.?4
NT31 -40.00 3.1414 1) 573.0_
NTII -31.13 4.640( ]( $11.30
NT]? -30.30 5.340(l) $10.50
NT]R -37.4_ _.R56( l) _|6.]&
NTIS *)J.$l ?.|O4[ )) $92.33
NT)4 -)_.iT 4.7t3( )I 574.36
NT)) -34.?I 4.14D(l) SI7.38
HT31 -33.82 5.7411 ]) $4:.71
NT]C "33.1J _.427( II S_I._5
R_ 20 Reo_ceo
Gauge Loc. Value T S_r_
).abel Ideg) (|TU/rt)-Se¢) (Deg;]
NTSI -il.00 1.43_(0) S)I.aS
NTSI -41.03 ).075( Ot S40.4_
NTS0 -54.I1 3.3])( 0] 54l.?7
HT44 -44.$S 3,$43(1) _56.39
HTiJ -43.40 3.)02(]) $$3.3;
NT42 -43.61 4.S?] ( 13 568.90
NTal -4).71 3.iS|(|) 551.63
NTa0 -40.el 3.3781 l) $40.32
NT]_ -40.00 4.ill( )} SiS.E4
NT)I -31.)3 ?.351(]) STi. OS
HT)7 -31.30 1.110()) SO).03
NT]$ -37.42 7.763( 10 $10.6_
NT)S -)6.SI 1.41t( 3} $18._3
HT)4 -30.67 5.1344 11 S?5._O
NT]) -]4.71 $.1484 l) $$4.63
NT]_ -]3.77 N,ll k.l_
NT]_ -03.l_ i.asel ]) S70.24
NT)0 -3).It 4.0114 l} _74,]_
Nun 30 ReOUCOO
C_uge Loc. Value T Surf Gauge Loc. Valua T Surf
Label (ae_l IlTu/_t_-Sac) (_lgR) Ld)N| (deg) (ITI)/FL)-SI¢) (DegR)
HT)g -30._0 _.3]3(]) $10.40 HT1] -)4.?S 5.111( 0} $43.47
NT30 -30.01 1.404| )} S$0.12 NT10 -03.64 i.010( 01 $43.70
N727 -]g.)l 6.541| lJ Sli.)I NTI -33.13 $.g21( O] 541.|T
HT)6 -21.31 4.1g6( 10 $10.)3 HT1 -11.11 $.]00( 0| _43.S0
HT_$ -27.4; 3.g10(1) 573.07 NT? -10.|3 3.757(0) $40.?l
NT34 -36.$4 3.633( 10 $71.63 HT6 -!.10 4.3434 O) 541.31
HT)] "3S.66 Hull Null HT5 -g.04 3.g751 01 $40.10
NT)_ -34.1_ 1.7_6( )] SS6.J? NT4 -I.10 _.1034 03 $40.)0
HT_I -23.94 l.g24(0) 500.4| HT] -4.34 ).3914 Ol $3i.]9
NT)C -33.08 0.0194 0_ S41.6S HT3 -1.56 6.433(-I) 538.31
NTlg -33.35 1.340( 1l S$_.?S NTZ -.02 Null kull
NTII -2|.40 9.734( Ol 541.63 NT45 4.34 3.TOT(-2) 537.13
NTI7 -30.56 5.S064 0) $4S.61 J_F46 l.)0 1.3014 O} 537.49
flTl6 "|_.62 5.140( 0} $45,34 HT47 16.6_ N_]I Nail
HT)5 "14.64 ).110[ 0) 542.14 HT4I _6.$4 ].070(-30 534.66
HT]4 -17.66 4.133( 01 $63.3_ _T4S 35.47 3.SST(-1) S17.06
_?l) -Ii.aS 5.1504 _ 543.12
_2 -14.71 5.1724 O) 543.11
Dl_a TeD_le_lon
Gauge I_c. Val_e T Surf Gauge _oc. Va_ve T Sur_
_aoel (dag_ (lTUlrt 3-Sac) IDagR ) Labej (gig) IlTU/rc)-Sec) (DegR)
NT]I -30,10 4.780( 1| $72.il HTIl -14.75 ).g)t( O} 54).1)
HT_I -30.O1 4.4171 I} $69.06 NTIO -33.60 1._$61 O) $6_.15
NTRT -3|.18 4.347| 11 $70.04 HTI -03.13 ).347(0) $41.1]
XTR6 -20.21 2.063( 1; 567.03 HTO -01.10 6.723(-)) S41,)2
HT)$ -37.41 3.101( 10 S6J.)4 NTT -)0.13 Null NulJ
NT_4 -36.54 3.43)( l] $16.0) NT6 -1.10 T.314(-1) $40.74
NT31 -_5.46 2.274(l) 501.1? NT5 -g.04 3.043(-)} $34.76
H733 -34.|_ 1.6_4()) SS$.Tg NT4 -g.)0 S.41O(-_) S3|.47
HT)l -33.14 ).304( 1| 550.23 kT) -4.$4 ].0064-10 517.94
NT)0 -33.00 ],OO0( l} S41.41 NT3 -l. Sl 2,1374-1} S]i.ll
_739 "33.25 1.0704 l) $4g.40 HYl -.02 H_ll k,)l
NTIS -31.40 7.564( 03 $44.44 NTaS 4.34 -).1034-10 _37.10
H_l? -30.50 4.ROR[ 0; $44.23 HTii 0.10 S.SgJ(-l) $37.56
NTIS -11.63 4.636(0) $43.16 NT4? 36.6R 3.10_(-3l 537.1]
XT1S -]8.64 l.O)_(-l) 540.73 NT60 36.$4 03.9544-1) 5)6.43
HI14 -17.6_ 1._l){ 00 541,63 HT4g 35.67 -I.63_(-I} $36.11
HT;) -14.t9 1.16_(0) _41.|_
NT;2 -14.71 1.3141 0) 54).27
Data TaD_lt_o_
G_ge LOC. Value T S_r! Gauge Loc. Va;ue T S_rf
Idl_i (deg; (ITulr_2-Secl (DegR) La_e] |.egg |lTu/r_2-se¢) (DegR)
HT]R -)O. lg 3.120( )l $11.56 HTIZ -)4.?S ).42R(0) 543.$3
HT_J -10,01 3.013| l) S$l.i? NT10 -13.60 0.130(-11 543.32
NTRT -30.|1 2.]tO()) 551.16 HTg -12.13 4.2724-)) $43.4_
HT36 -38._8 ).|064 l) $$4.4_ )(TO -11.18 1.74_(-1J $42.R6
NTRb -27,41 1.447( l( 502.13 HT? -)0.|3 g.3tt(-2) S43.gs
HT24 -36.54 1.710[ )) $$4.30 HT6 el.go 5.807(-13 $43._g
HT23 -24.66 7.$93i 00 $41.71 NT$ -$.04 01.)731-2) 542.76
Ht_3 -_4.10 7.3194 O) $48.43 KT4 -l.]O 4.630(-3l Sa).lG
HT)] -23.14 ).3134 0! 54|.77 IC]r3 -4.$4 -).O]](-10 $62.10
NT_C -2].01 3.1414 00 $41.02 NT3 -).$6 *].6354-10 $4].0_
HTl| -22.35 $.|714 00 $41.1] HT1 -.13 HuJl HuJ]
HTli -31.40 3,)gl{ 0J $46.40 HT4$ 4.34 -4.1214-|) $40.|3
NT11 -30.$6 3.353( 00 $44.11 NT44 1.10 -).034(-1) $40.0t
HTI6 -1_.63 _.0_l( 00 $46.44 NT47 16.40 -3.g044-]) $01.46
NT)S -]1.64 3.14_1-)) S43.SR NT41 26.$4 -6.0)R(-l) $)1.10
HT_4 -17.6_ 1.0734 0] $4].71 HT4g )$.6? -2.i41(-1) $]T.$6
HT:I -16.6_ g.0314-13 $¢3.12
HT]2 -10.?1 7.74_[-10 54].27
De_a _aD_le_lon
Gauge Lee. Value T Ours Gauge Loc. Value T Our( Gauga Loc. Value T Surf
_1_1| (Rag) (ITU/rt)-Sac) (DegRJ _ll |HER) {ITU/r_3-&ec) IDIgl) ldlDil (deg) (ITU/rt)-Sac) (DegAJ
HT$3 -tl.00 3.1714 0) $3i.36 HT)R -)0.gR 1.g$]1 1) 511.40 HT)I -]4.75 ).]$3| I) $$0.04
HT$) *el.i) ).4814 O| $]|.21 NTRi -)0.01 _.1444 1| $$i.15 NT)O -10.11 g.slt(O) $43.])
NT$0 -$4.61 $.Ui| 00 ]41.31 NT37 -3|.1i _.lgl| 1J $6D.40 NT$ -02.i) 4.1144 00 $40.D)
HT44 -44.S$ 1._034 1) $47.R1 N_36 -_i.)i _.1044 |) $]|.$1 NTi -1).iS i.I024 O| $44.0]
HT¢) -43.60 1.3101 1} $47.$1 HT)$ -2?.4) _.370(1) $60.S) r_T -10.$2 1.014| |1 $46.77
HTa_ -42,11 1.g664 )) $$$.34 NT36 -)4.$4 3.$4gl ]) $63.$8 HT6 -I.$1 1.2544 11 $47,$g
NT¢1 -41.71 I.$704 0) $44.5R NT)] -25.44 Null Hull NT$ -$.04 1.)111 10 $41.12
NT40 -40.11 1.$004 10 $$1.37 NT); -_4.10 ).1474 )) $10.tl NT4 -1.10 1.4624 1| $$0.01
NT)| -40.00 1.1411 11 $47.]) HTR1 -)$.14 3.5104 10 $71.44 NT3 -4.)4 1.4104 01 $$0.0)
NT)$ -$J.10 _.007| 14 547.11 NT)0 -_).01 _.i4gl l) $$4.1] NT3 -1.$1 1,204 ( I| $¢1,01
N737 -)l._i 1.i714 )| $$3.$6 NT)4 *2).)$ ).il2| 11 $77°27 NT1 *.i2 Nu]] Null
HT)6 -$7.4_ 1.7144 1) $$1.$i NTIS -31.40 ).Tg?( 11 $13.30 NT4$ 4.)4 1.100( 10 $41.0i
NTIS -]i.Si 3.1014 1} $$7.44 NT17 -30.$6 ].$171 1) $10.17 NT4$ 1.10 1.391( 00 $44.17
HT)¢ -$$.17 i.0374 ]} $41.07 NT)6 -11.62 $.474( 10 $14.64 NT47 16.6g i.g254 OJ $4].31
HT]) -34.71 _.02|(1) $$6,6R NTIS -]i.14 1.O45| 3} 614.4! HT48 _4.$4 S.400| 03 $40.]$
HT)3 -)3.?7 Hull Nu_; NTI4 -17.46 1.144( _| 605.41 NT44 34.67 ¢.t604 0) $40.60
NT]I -32.13 3.0341 1| $S_.00 HTll -14.69 $.1634 13 $13.11
HT]0 -31.0_ 3.0104 IJ Sb9.15 HT]2 *]$.71 3.425( 10 $$$._
tu_ 3| leOuced Gata TeDuleLlo_
B-If3
Gsuge Loc. value ? Sur! Gsuqe Loc.
L4_1 t4eg) (ITU/Ftl-S*cl (DENS) LaPel laegl
HTS) -99.00 I.llbl O) 5]9.99 HT29 o30.91
HT$_ 02_.l) 2,T_1_ 0| 540.9) HTli -)O.Ol
HT$0 -$4.61 4,0511 0) 541.95 HT)I -29.10
H744 -44.$5 1.111( 1| 54S.92 HTlk -_0.2|
NT4) -43.40 I.IS1| 0l 549.01 HT25 -27.41
N742 -42.9l 1.495| )l 552.23 HT14 °|6.54
HT4) -41.19 1.9_4( 0| 54&.39 HTI] -lS,li
HT4O o40.10 1,044( 1| $40.23 HT23 -24.10
NT$S -40.OO 1.lilt 12 $41.9t NT21 023.14
NTIS -39.13 1.411( 12 $S0.41 HT20 -22.01
HT37 -]8.21 Io492( 1| 5Sl.tT HTl| -22.22
HT$S -31.42 1.210( II $4i.73 _Tlt 021.40
NT3$ 031.$S 1.636( 1| 593.45 NT1? -20.51
N_34 035.$? 1.144(|) 549.32 ffT|S -19.42
_T33 034,?1 _.2914 1| 551.20 _?IS -11.44
NY32 o33.77 Null NvI| HTI4 -tT.it
HT31 -32.12 2o20_( 11 _60.?_ HT_) -16.49
HT30 -3_,19 _.604t l) $62.03 HT12 -15.71
A_n 23 &OSuCOO SITS TlDulltlon
Gauqe
LSD41
MT$2
NT51
NTSO
HT44
N_4_
H742
_T41
NT39
HT)I
HT)_
MT3S
HT)_
NT34
NT$3
HT32
M_)I
_T30
Gsu_l
LaDe_
HT53
HT51
HTS0
HT44
HT4)
NT42
NT41
HT40
NT)I
NT]|
NTS?
NT)i
N?)4
NTS)
_732
NT31
NT)O
Gsuse
LaNl
NTS3
NT91
N?SG
HT44
NT4J
NT42
NTSl
NT4O
NT)9
XTSl
k_)?
H?31
N73$
N734
NT33
NTS2
N?31
H?30
Loc.
Ioegl
-61.00
*SI,I)
*S4.$1
-44,55
-43.10
o42.11
-41.79
-40.11
-40.00
039.23
-31.20
-21.42
-)i.tl
-)S.S1
-34,11
-32.?)
-32.12
-31 .IS
Lo¢.
lONg)
-S$.0O
-6].13
-54,11
-44.S$
-43.60
-43.61
o41.19
-40.ll
-40.00
-39,1]
-$8.21
-2?.4_
-$S._l
039.S1
-34.7)
023.71
-32.1)
033.09
lieS|
061.O0
-61.03
-$4.91
-44,$S
-43.40
-4_.61
-41.71
-40.ll
°40.00
o3_,13
-31.21
-37,42
-3t.$|
-32.S7
o24o71
033.71
032.12
-21,IS
villi
I|TUIFLS-StC)
1.9231 O)
2,5102 O)
4.102 02
2.006 11
),300 12
4.498 l)
2.80$ I!
3.147 I_
3,1S$ I)
5.3S_ I)
5,_4S I)
5.S05 12
1.671 12
4.140 1)
$.4041 1)
4.054( 12
vsL_e
|lTuIr_2-se¢)
1.011| 0)
).9534 O|
T.425(1)
i.001| 12
2._$01 1|
1.)134 II
1.4724 12
2.000( 12
2,329( 1|
3.215(:)
7.534 ( II
3.4941 l)
l.liD| 12
NUll
1.02S! 22
1.S4S( 11
v41_e
(|T_/rtl*sec)
2.2321 1)
_.$12( 1l
2.4224 1|
2.050! 22
).213! 1)
3.Sill 11
N+II
9.15tl II
1.105_ 21
1.329_ 2l
1.1431 12
i.OOSl 1|
3.432_ 1|
1.|57_ l)
1.3_3, 1!
1.146, 12
1.101_ 12
T Surf
(D4qR)
511.$1
517.24
5i1.24
$11.45
571.?0
504.21
Null
501.52
S07.1_
$11.91
92|.73
S]0.12
SST.SS
STS.ll
$44.15
55S.00
5_2.9!
_50.$7
G4uge
lathe _
NT11
HTI0
NT9
NTI
NT7
HTS
NT5
NT4
HT3
HT2
HT_
NTS$
NT4
HT47
N74S
NT41
LO¢.
[4eg)
-14.7b
-L3._0
-|2.03
-_I.$|
-10.43
-9.48
"$,D4
"1.10
-4.34
-1.5_
-,92
4.34
1.10
:_.1_
29.$_
35.47
VS_!
IBTUIF_2°SIci
9.7041 01
"L)00l O)
0._15{ 02
l,O;ll 02
5.101| O)
6,021( 01
4.4254 02
3.114| 0)
).313| O)
4,922t-1)
T.1614012
02.403 (-2l
1.913 (-11
-1.$07(-2}
T Surf
(OeQN)
549,99
_Sl.)4
549.52
$49.16
540.1_
549.05
549.00
$47.44
541,29
540.6)
NuL_
Sll. S0
$3l.t9
$)l.31
527.19
$3_.93
T Sult Gau_e _oc. v*l,e T Sur! Giuqe Loc. Vi;ue T Surf
(SIGN) _SDII lSegl IlTUIr_3-Se¢) IDOgRI LOoe_ |dig| IITUIFt_-SIC| IDIQRI
541.49 HT29 020,99 4.432( 11 S73,52 NT1; -|4.75 1.0024 O) SSl,7i
$42.43 HT?S -30,01 2,5211 11 $73.7i H_10 012.61 9._11|01| 946.01
544.19 HT71 -lS.ll 3.1704 ]l S12.OO HTS -12.03 $.OSl(-ll $4k.44
510.16 HT2t 020.20 2.172( 12 $1S.02 HTI 011.18 3.937(-1| $15.21
$$7.4_ NTlS -27.41 2.]$2( 11 Si4.19 HT? *10.13 2.$t9(-11 542._4
$70.S7 NT24 -2i.$4 _.4014 1] biG.J4 HT4 -9.1| 7.209(-_) 544.03
529.51 NTI] -25.44 Hull Null NTS -1.O4 l.$il(-ll 942.|9
_i4.O0 ff722 -24.10 1.29?( l| 5_1.14 HT4 -l.lO ?.O_9(-1| $42,94
$64.i2 NT21 -23.14 1.24)( 11 5$?.42 N73 -4.34 1.0114-2| $40.71
57_.7_ N_SO -23.o1 1.234| O) $42.17 N?3 °2.56 4.6131011 $41.00
577.94 NT]S -22.39 7.394(O) 550.49 HT1 -.i2 N,JJ N,I]
$74.40 HTll 022.40 S.177| O) $51.19 HT4$ 4.34 -).34_1-12 514.14
511.37 NT11 -20.$1 6.991! 02 996.21 NT46 1.10 4.7344-2) 540.34
571.24 HT11 -39.82 4.095{ O) $$5.O7 H747 )S.St -1.$024-1) 540.33
SiS.it HT15 o11.64 1.401(-1) 52_.22 HTSl ]4.54 -S.2021-1l 540.21
N_I| HT14 -1?.61 1._404 0) 551.42 NT4S 39.67 1.3131-22 S2I.il
517,S3 HT13 *11.$1 _.102101 $49.1_
5?$.11 HT12 -19.11 1.151| O) 549.24
34 SeaNce4 Dill Tl_Llt_on
: S_rf Gauge _oc. VsL_e T Sur| Gauge Loc. Va;;I T S_r_
(O_gMI ].,Sl_e; (4192 (lT_lrtl-Sec) {D_gl) LaN_ (aegl ¢STU/F_2-Sec) tOegR)
542.74 HT)S -S0,Sl 0,2]0(1) $94.10 HTll -14.15 4.161| 0) $47.51
543.43 NT)i -50.00 6.750( 12 504.31 H_0 -13.68 3.2S9| 02 546.23
544.44 NT27 029.19 ).ill| 1) $11.64 H79 012.93 3.419| 0) 545.51
55|.01 HT26 -)l.2i 3.040! 1) SIS.21 HTI -ll.ll 2.4994 O) $45.40
555.?6 H_)5 -21.41 2.093( 1| $S3.20 HT? -10.93 2.290( 02 SS6,S1
519.26 NT)4 029.54 3.041l 12 hiS.l? NTS -].IS 3.494(O) SS?.?S
5$e.se NT23 -32.66 Null Null NT$ -S.04 1.0724 O) 945,04
$91.41 HT33 °24.00 2.065(1) $$8.?5 HT4 -O.1O 3.6224-1) 545.17
SlS.lS NT21 -_3.94 1.2404 11 $$4.90 HT3 -4.34 -2.119(-1) $43.03
ST0.?6 NT20 -23.01 1.2J2( OI 944.29 NT2 "1.$S "2.9514-21 $42.42
SI4._0 HT]I -22.29 1.2724 II $5|.43 NT! *.92 Hull N_l_
571.17 NTII -21.40 1.0454 II $54.1L NTSS 4.24 -),/714-21 _47.O1
_96.|2 HTI? -20.S& 6.10|( O# $49. Z8 NT46 1.10 -2.1814-11 _41.O/
212.O) NTIS -19.63 ?.035(0) )SO.31 N?4? 16.99 1.5434-31 $41.71
$11.19 HT|$ -11.$4 3.]014 O) $45,95 HT41 29.$4 -4.146|o|1 540.$9
Nu_ HT14 -17._$ 4,294| O) SS?.SS NT49 35.6? -9.70?(-3) $39, g_
604.)2 NTI) -lS.$9 3.1111 D) 549.?2
902.11 HT12 -lS,71 3.290(O) $49.?1
Run 35 Rodu¢e4 Di_l TSbulatlon
Vs|ue
¢iTu/rt2*s,¢|
3.106_ O)
3.SOIl O)
$.742_ o)
1.0341 12
|.S4Si |l
1.140_ 12
?.TSld O)
].$24_ 1)
).222_ 12
1.3244 12
).14¢J 1)
1.601_ O)
1.4t?t 1)
Hull
1.1744 1)
3.311| 12
? lur! G*u_le _o©. Valuo ! iur! G,u;* _oc. Value ! Surf
IDegll Ls_tl 44191 lITu/rtl-k©) (DegN) Lsbel i_eg! (|TU/Ft2-Se¢i (DoS_l
$41.|4 NT39 -20.11 3.255( 32 S$4.47 HTI_ -14.79 3.2121 |l $11.?S
943.16 NT2| -SO.O| |.3321 1) 554.99 HTIO -19.11 S.SSOI I| 511.11
$44.15 NT21 *|9.11 1.441( 11 $$$.41 HT9 -1_.13 1.3914 1! $11.$3
$$0.50 N_lt -21.21 1.3521 il $$4.14 HTI -ll.n ?.$124 1J 601.12
941.91 NTlS -_?.¢1 1.4364 1] SS$.51 _T7 -10.93 $.t92( il S14o73
S$6.4! NT24 -_S.$¢ 1.4014 12 )ST.?7 NT9 -9.11 2.7174 2| St_.?3
S41.10 H723 -25,96 Null Nul| NT$ -S.04 1.$10( 1j SSS,0|
$$_.49 HTI_ -_4.e0 2.$491 11 $$9.s$ N74 -1.20 ).0$S( 11 S$O.12
$41.I0 N721 -32.14 1.114| 1_ $|2.5? NT) *4.34 1o3111 ]) $$2.?4
559,02 NTS0 *)$.0| 1,005| 12 $42.14 NT3 -],$S 1o$?$| 21 $$$,02
$$3.$1 NTI$ -)2.35 2.$271 )l $62.83 N?1 -.92 Nu)] Null
$$9.39 NT28 -)2.40 ).$11| |) St).71 HTIS 4.34 1.4361 12 S$2.73
$$I,?? NT17 -20,$6 ).095(3) $62,?9 HT46 |.|O 1.157[ 12 949.99
$50.54 NTIS -32o12 2.049(3) $93.2? NY47 )S.SS 9.3111 01 991.01
$54o54 NTIS -19o94 3°233| 22 514.97 N_41 29.54 1.404| O) $44.91
Null NT14 -17.99 2.542| 1) 970.29 NT49 39.S? 5.4591-1) $31.13
554.)S HTl] *ll.ll 3.712| 12 $75.14
$$S.OS HT12 -12.72 2.Sl?t 21 5?4.03
lu_ 36 Reduce4 DS_a TlbUIN_IOn
B-114
GavSe Lo¢. Value T Surf GauQe L_C.
LIDe5 Ioeg) IB_/F_2-Secl IDeSRI Litxl (aogl
HTS; -69.00 3.300( 01 544.]1 NT]q -30.S_
NTSI -61.13 4.)26( 01 545.62 HT]O -10.01
HTS0 -54.tl &._bII C) 541._ XT3_ -21.10
NT44 -44.55 1.3_64 5) 556.3| HT_ -21.]0
NTt3 -43.60 1.]444 11 $56.]? NT]5 *]_.4!
k_47 -4_.I| ].31]1 )) $k6.12 H724 -]6.54
KT41 -41,79 1.046| 11 $$2,47 HT)] o25,66
HT40 -40.|1 ).1)4{ 11 S_0.69 HT32 *24,10
NT]D *40.0: 1.3871 _) 556.)_ HT)I -2].1t
NT_l -34.13 2.555[ )1 56g.2_ MT2C -23.04
NT)_ -3|._1 _.0134 11 5_4.11 H?%g -21.25
HT)6 -)?.4_ ].02(( 5} _64.4_ H_1i *]].4_
N_35 -]i.SI 1.61g¢ 11 S_._£ _T]_ -20.56
N734 o3_.1_ 1.415t 11 514.41 HTIS °14.12
NT]] -34.T! 2.2724 l) _69._3 HTI_ *1|.14
NT)) -33._? N_11 k,51 HT]4 -l_.&_
HT]I -]].|] 2.2|5(}) SGI.S5 NI%) *_.t4
R_r _ _aaucea DI_i Ta_la_50_
Value
(l?UIr_]-I*{|
].551| )|
3.0_14 )|
].1364 )l
3.3SII 1_
].ID)_ ))
3.81_ 11
_.55] 11
2,?9| hi
4.44_ 1l
1.]17 31
1.005 ))
],|O0 |1
i,411 1_
1.i_$ 01
T Su_! Gauge I_Pc. Value T Surl
(O_RI /.abel |de0l (ITUlrt]*secl (DeqRI
SIO.SO NTI_ -14._5 S.OS0( O| SS).S4
ST0.)? HT)O -)).tl I.I]t| O) $5_.)t
572,17 NT_ -1_.11 1.]!04 II S51._
S10.1] NTI -11.11 _.&4Sl 1| $55011
S?3,10 KTT -10.|3 ).775{ 1l $5_.]3
517.13 KT6 -t.ll 1.$11( 1l SSS.5I
S81.$; 1_'5 -I.04 1.3131 1) $54.11
Sl4.|£ HT4 -I.|0 ),)Ill ]l S$6.00
5IS.t) KT] -4.34 ).331| )1 555,1]
577,3_ NT2 -).Sk ).1611 )) _54,01
5t1.33 HT1 *.6] N_/I N_I_
610.11 _T4S 4.34 I,J]_| O| _2._
6_O.66 HT45 I.|0 I._40| 0l _5_.]7
llI.O] NT4? 11.69 1.740(O) $41oS]
615.42 HT4i ]i.54 _.14OI {) 54_.10
505.21 HT41 3S.&7 S.il0(-)J S40._0
56_.1]
554.51
Gauge L_c. va_e I S.rl Gi ge _Oc,
1.,the| (degl (ITu/r[_-$ecl {De_) Labe; (ae_)
HT$2 -$1.oo S.501( 01 _4_.51 HT_t o]0.t9
_TS) -I_.83 _.4441 O) 550.11 HT_I -)O.OI
KT$O -54.61 1.3_0( 11 _60.3| HT_ o]1.11
NT44 -44.55 5.O$Sl l) SS4.32 _T_6 -_1.]I
_T4] -4].4_ 4.]741 1) 51_.T9 NT_ -21.41
NT42 -42.60 5.L271 11 5g_.|? HT_4 -24.S4
N?41 -41._S ].Oil( 13 5_9.1_ NT21 -2L64
NTiO -40.8B 4.)064 1) 57_,_2 HT_] -_4.|_
HT31 -40.00 3.4211 11 S71._6 H?21 -23._4
NT)? -31.]1 ].0751 11 5_.55 H))S -_].25
NT]6 -37,4] 1.47_( 51 _55.33 NTII -25.40
NT35 -]L.5| 1.]%tl 1_ _53._4 HTZ7 -20.54
NT]4 -35.67 1.435I D} 531.8] HT16 -19.12
NT33 -34.7Z _.699( OI 550.13 HT)_ -)1.64
VII_I ? i_r| Ga_qe Lo¢. Value T ]dr{
(I?_/r_-il¢) IDOOR) I_bel IUagl tl_lFtl°Sac) (I)19_1
$.43_( OI $4t.4] _T_I -14.?_ ?.01_{ OJ ]$0,11
6.51Ol O| $41,S4 HT1C -)3.ii 1.064( 0l 550°6]
1,110l O| 541.51 N11 -)].13 6,115i 01 550.|i
1.]0|( O! 541.07 H?I -11.11 1.7074 01 54S.t4
4,0114 G| 540.05 NT1 o10._3 7.004( 01 550,74
5.11t( O; 540.5t NTk -I,Sl 1.]!I| O} 550.IS
6,$30( O| _4t.62 NT$ -1.04 6.410i 0) 550.33
1.545| O| 550.1| KT4 -8.10 S.034( OI $4|,55
6,5SJ(O) $50,72 NT) o4.]4 1.5]]l _) 5_).19
1,141( 0l StO.Ii NT] -1.$1 l.llll DI 51).15
S.]l]l O) SSI.OI MT1 -.6_ Null Null
I.]45| O! 551o41 NT4$ 4.]4 1.$13l D) SS_.17
1.4IS( OI 551.]0 NT46 I.|O 6.16_( _l S4i.lJ
7.lOll O| $51.14 NT4T 16.1t 6,300( 01 $4i.49
7.13_101 55).32 HTtl _i.54 Nu)I _,11
?.StS( Ol 551,27 NT49 35.67 3.5141-)1 540.1_
7.36_i O) S5),3)
6.0t4i O| _0.4J
Gluqe LO_. Val_e T Surt Glu_e ;Oc.
_75_ -61.00 _.11|1 01 544.4_ KT]S -]0.%g
HTS) -6].13 3.535(C) $45.53 NT]D °30.01
WI50 -54.61 5.247( _ S47,39 XT_? -]).11
)_'44 -44.55 1.111i O) 55).1_ NTiS -]l._l
NT4) -4].60 |.753| 0} 55_.5) HT_5 *_?.41
HT4_ -4].61 1.310_ 11 551.3_ NT_4 -_I,54
HT4] 04].71 5.710(O) 54B.)_ H1_3 -_5.6_
HT40 °40,10 1.073( ]I 554.6C HT22 -_4.80
_13t -40.00 1._14| Ol 551.1£ NT_l -23.44
NT30 -]J.13 1.37_( 11 "" 557.11 _T_0 -_3.G1
NT]_ -31.21 1.]30{ hl $b6.35 H711 -32.15
HTS_ -36.S0 1.4104 5) _5).04 H;)7 -_0.5_
MT]4 -]5.1_ 1.0)0( l| 553,6T NT]6 °|1.62
HT3) -34.?) ).l)TC I) 55S.5_ XTIS -11.14
MT]2 -3).?? N_ll NU|5 HT14 -)7,46
MT]I -]_.12 1.2614 11 _51.15 NTI] -36.6_
NT)D -3).0) 1.]051 11 _5_.30 HT)_ -15,_1
R_ ]9 Red_ced 0ate ?aDuLation
Val_e
IBT_/rtT-$ec|
1._31{ II
1.117i lJ
1.110l It
1.18_1 1)
),408! 11
),45I( )J
1.413, l!
),]611 ))
1.663 l)
1.1531 )I
).S¢0 ))
1.5301 1;
).el4 11
1.6)] 1)
1.704( ]|
1.515l 1l
T S_rf G_ge Loc. Va_ue T Surf
I_eg_} l,lll) (oIq) |1?_/_[_-1141 |D*g_)
516.71 NTII -14.?$ ].111| ]} $60.76
55_._$ NTIO *13.14 ).1_7( )1 561.3_
$56.65 kT4 *1].13 1.lOll 1| 561.0_
Ill,iS HTi -11.11 1.71|l )) S61.35
$55.?1 )IT1 -)0.13 ).10?l 1| 5tl.7|
$5?.2] _?6 -l.|l 1.411( )| b5|.$1
$50.41 KT5 -I.04 1.5114 11 560,3]
55|.?_ NT4 -I._0 )._511 )) 5k_.15
551,1g HT] -4.34 ].117( II 57].15
551.11 NTI -1.56 3.1_5( 1l 572.1_
560.$I _T) -.62 Null l_ll
Ill.17 HTIS 4.$4 l.?06l O| $49.10
SSI.S] HT41 1,10 1,316( Ol 551,II
560.16 HT4? ll.ll Null Ivl)
SI0.75 NT41 26.54 NuJ| N_]I
561,S_ HT4S ]5.61 ].803(-I) 541.43
54_,48
tt0.54
Gauge I_C. ViLli T S;rl Gauge L,o¢.
lal_l idol) (ITUlrtT-hc) II_ql) label Ideg}
MT52 -|1.00 _,63_I 0} 541,I] NT2t -]O.lt
M_51 -l_,t] ].114| OI S4I,O0 MT]I -]0.OI
NT]0 -54.51 5.0|01 0) _41.64 HT21 -_t.)l
HT44 -44.55 I.T48| 0l S54,00 NT26 -31.28
HT43 -43,10 I.ll3l O) $53.12 HTIS -IT.4)
NT4J -41.61 ).]64{ 1) _51.1_ MT_4 -_i.$4
KT41 -41.71 S.171( 01 S$0oll HT]] *_.66
HT40 -I0,II ).0_01 )) 555.91 _T]I -]4.t0
NT]0 -40.00 ?,4|1| 01 552.1i NT21 -)).14
HT)I -]1.)) I.]IS( II 5_.t4 NTS0 -13.01
HT3T -11,21 1.}0_1 11 557,$0 HTlS -]1.15
NT]6 *]7.43 i,]214 1) 151.18 HTII -]].4G
MT)5 *)i.Sl 1.507{ 11 5S0.47 NTI? -30.]6
HT]4 *]5.6T |.650| 01 $54.?] MT)$ -1_.62
MT]] -14.71 |.]134 1) $57.?0 HTI5 -11.14
NT)2 *]].77 N_ll N_I| HT14 -17.16
HT)) -3],I_ I,]544 l) 557.?9 HTI) -16.6t
HTSO -31.1g 1.]02| 11 55|.1] HT12 o15.71
Aun 40 ledU¢l_ D&[4 Ta_aL|o_
Value t |u_! Glug* _oc, Ya]ue T lur_
IITU/rt|-ilc) (_e|RI ldb_l 44191 (17_/1%i-i*¢1 (DegR)
].35S| ]) I]I,DI )4T)] -14.75 I.?])I l) S£3,74
I.I011 11 ]ST.,| HT]O *)].61 ),4111 11 $1_.))
).]111 )) IS7,11 HTI -I].13 1.1704 )1 Ii0.14
1.0751 l; $$?.)) HTI -)).11 ).Sill 11 $61.0)
].0i54 11 15i.73 NT7 -10.t$ 1.?]|1 ]} $12.15
)._)li I! $$1,11 NT6 -I.|I 1.110( II $60.7]
)._$II I) $$1.14 HT$ -!.04 ),6131 ]) $11.0]
1.]154 11 151.71 NT4 *I.)O ).t541 ]| ]6].17
I.$411 I) $I).]I HT) *4.]4 ].11]( )l $72.1]
I,$III )| $61.14 HT) *).$6 l.t]ll ]) S$$.30
1,1164 )| 111.17 NT1 -,6] Nu]] Null
).el41 1) ll).ll NTIS 4.34 l.Qb4| O! ]52.1]
),$71{ )) $i0.35 NT46 |.10 l,$111 O! 551.15
).4511 II III,41 KT4_ ll.ll 1.14]{ 0! 55].]1
).44)1 )) S&l,41 H?II )$.$4 |,)Ill O1 $$G.)4
1.SS$( |l I12.4| HT4f ]5.6? Null N_ll
).6_41 l) $$],$)
1.4064 )) $il,i$
B-115 C_i'31NAL FAOE IS
OF POOR QUALITY
Gauge be{.
Label IO441
XTbdl *69.00
NTSI -it.l)
NTS0 -b4.il
)1744 -44.51
NT4) °43.40
HT43 * -43.6|
NT41 -41.79
NT40 -40.00
NT)9 -40.00
NTSS -39.13
HI)? °30.30
NTli *37.43
NTIS -36.51
NT34 -31.61
HI)3 -34.?1
NT)2 -33.79
HT31 -32.82
_T30 -31.0_
Gauge LOc.
L_OeL (dog)
MTS2 -10.00
dTS1 -61.01
NTS0 -$4,41
NT44 -44.$5
NT43 -43.40
HT43 -43.68
NT41 -41.71
NT40 -40.iS
HTS9 -40.00
HT]O -39.13
HTS? -3J.2J
HT]4 -39.43
HT)b -14.$0
HT]4 -31.67
HT33 o34.11
HT33 -33.79
NTS1 -13.|2
HT30 -51.it
Gauge LC_.
Lit,e) 16og!
NTS2 -41.O0
NTS1 -61.13
NTSO 0S4.41
NT44 -44.51
NTa) -43.60
NT42 -42.68
NT41 041.?0
NT40 -40.|N
NT3| -40.O0
r:Sl -39.13
NT31 -3O.20
NT34 -37.42
HISS -Si. SS
NT34 -31.17
NTS) *]4,91
NTS_ -33.11
NT31 -33.02
NT;O -31.10
GIu4 e LO¢.
Lone1 (dog)
NTS3 -SS.00
NTSI -11.|3
HT$4 *sa.il
NT44 -44.S$
HT4] -43.60
NT4z -¢3.61
NT41 *41.71
NT40 -40.ll
NT36 -44.44
NT)6 *|6.13
HTS? -3i.3i
NT36 o31.43
MTSS -36.$1
NTS4 -31.17
N733 -34.11
HT32 -33.11
NTSI *)2.63
HTS0 -31.66
Value T surf
I$TUIrLI-SeC) tDegR)
6.4121oll 340.33
1.6311 03 $49.02
1.400(O) 349.73
4.1131 O) S53.60
4.6471 03 551.14
4.214| O) SSS.I)
2.)141 41 SSI.40
2.630( 0| $53.bl
3.6131 O{ 532.60
4,3014 01 $53,43
4.1161 0) $54.39
3.141( 01 S51o64
4.5231 01 334.44
2.9131 0) $53.61
b._ll { 0| $51.13
Null NuLl
1.1001 0) She.36
1.696| 03 $5_.15
R_n 41 Reoucea
r_uge Loc. Value T Surf Gauge
I.J_el (O001 (ITu/rLI-S*¢) {_tgAI _bel
NT29 -10,t9 4.1401 0! S_1.51 HTll
NTII -10.08 I.|30{ 01 hal.b? HT|0
HT_7 -29.]0 1.12b()) 343.19 HTS
NT14 -+l.+l 1.151(1) 54_,01 HTI
NT25 -11.41 1.3011 13 $&4.64 NT_
HT34 -31.$4 1.1401 1] $64.17 HTS
NT13 -21.66 1.1341 l) $41.21 NTS
H722 -24.00 7.19S( 01 $40.41 NT4
HTI) -11.$4 1.606i L) 340.16 HI)
HTI0 -13.00 1.0701 1) 341.77 HT2
NTIS -22.25 1.214(1) $64.44 NTI
HT_O -1|.40 1.140( 11 562,61 HT4S
NTll -20.$6 1.4051 13 SES.S1 HT46
NT16 -19.42 1.)121 11 S64.31 HT4?
HT1S -10.64 1.4111 l) $44.64 HT40
NTIS -11.66 1.142(l) SSS.tl NT49
HTII -11.69 2.)17(I) 514,04
NT12 -1S.?l 2.0144 l) 511.10
DILl TeDUlILIon
Value T Surf Gauge LoC.
(aTU/F_2-Sec) IDeQR) _Del (Oeg)
4.0|0|-1) 544.09 NTlS -30.09
6.230(-1) $44,01 HT2I -)O.Ol
1.204(0) $41.65 NTI? -29.11
4.|46¢ 0) 549.40 NT14 -20.20
3.750( 0l 347.t5 NTlb -31.41
S.7141 0l b50.$3 NT24 -26.$4
3.414( 0l 540.01 HT23 02S.46
4.111(0) $40,47 HT1_ -24.40
5.1001 03 349.30 NT)l °21-64
S.714(O) 510.03 NTIO -21,0|
6.610(O) 551.11 HT16 -_.25
3.1331 0l 340.41 NTTI -21.40
1.2614 O1 SS1.2S HT|_ -_0._4
S.410(0) 549.01 NTl6 °19-41
6.911(0) 353.00 NTIS -1|.44
Nu|l Nu|l HT14 -17,44
1.143{ 11 $55.12 NT11 -L6.49
1.139C l) Sb6,11 HTI1 -1S._{
Run 4? Re_cea Data TaD_atlo_
Velue T SUrt _uge Loc.
{11_j/rt2.Soc) (DegR) L_t_el (dog)
I.O21(-13 $4S.41 NTlS o10.9S
S.234(-13 $46.l| NT20 -30.00
1.08S| O| $41.14 NTI? -lS.16
4.145(0) 551.49 NT24 -20.10
2.6364 O) 551.S4 NT25 -21.41
1.S3&( O{ $$7.14 NT24 -24.54
4.6tS( 01 $53.21 HT23 -25.44
5.2121 O) SS4.O4 N722 -24.40
7.11OI O) SSS.Si NT21 -23.|4
1,3061 O) SS0.63 1_20 -23.01
1.O604 11 541.04 NTII -32.3S
4.441(O) SS0.13 NTIS -21.40
1.$32( 1J 545.77 NTI1 -20.Si
i.S?i( O) SSS.IS NT16 -11.62
2.0361 11 511.43 NTIS -10.44
N_II Null NT14 -11.44
$.0|6(1) 513.46 NTIS -11.41
S.ISI( 11 S14.40 NT12 -1S.71
RVJ*. 43 RedUCed Date Te_dlit_cm
Value T Surf Gau4 e Lo¢.
(OTUII_3-1OCl (Deg N) L_el (Ieg)
3.0111 03 540,16 NT39 030.64
3.010( 43 $30.03 HT36 -30.00
S.0301 0l $51.83 NTlT -36.11
6.$3S1 01 516.17 HTS$ -31.)0
1.4144 0) $$S.S0 KTS5 -11.41
1.234( 13 b$O.iS MT24 -31.$4
S.633( 03 SS3.11 NTS] -31.16
6.SSI( 01 SS1.01 HT32 -24.10
6.0241 01 $$4.11 HTli -23.64
1.3001 I1 SS6.1I NTS0 -I].00
1.1321 1| S$0.17 NTI9 -33.31
1.164( II $50.32 NTII -31.40
1.390| 1) S$I.II NT11 *20,b|
6.1001 01 $$6.$3 NTIS -19.61
i.091l 1) SS1.11 NTIS -10.64
Null NuLl NT14 -17.44
1.2011 I) SS4.SI NT13 -16.49
1.310( 11 S60.31 NTIS -1S.71
Run 44 Reduced DI_6 TaDull(lOn
Value
||Tu/rc _-s*:)
1.1331 1)
1.|12{ l)
1.441( I1
i.1091 I)
1.006! |1
2.210( 1_
_.411( 1_
2.313(l)
S.O251 1)
5.)b0! 1)
0._40(1)
1.140| 2)
1.1_l( 21
6.404(I)
6.01S1 I|
4.1011 1)
3.370 (l)
2.23?(1)
value
(BTV/FL2-Soc)
3.113{ 11
5.5731 11
4.340111
1.421( 11
1.4114 11
0.13S( 11
6.144( 1)
S.9S4(1)
S.3031 1)
2.000¢ 13
4.404(1)
4.?43| 1)
4.011{ 11
3.12l{ 1)
1.044( 13
2.O071 1)
1.310( 11
1.2414 1)
Value
IBTUIr_3-Sec)
1.131i 1)
6.1601 03
1.0S11 11
1.01S l 11
1.0211 II
1.1S3 ( 11
1.3361 1)
1.111(1)
1.341( 11
1.4061 1)
1.466(|)
1.3611 11
1.241( 11
1.3111 11
1.513| 11
1.430( 1!
1.4094 1)
1.111( 11
T Surf
(De41)
554.11
SSl.)l
5b?.70
330.04
$41.15
344.11
567.40
547.34
511.00
SlS.SS
S91.14
5t4.39
5t4.09
$44.03
S93.21
$t3.45
395.01
590.17
T Surf
¢D_gR)
514.34
502.48
$84.04
$80.41
SII.13
511.13
511.10
$11.11
$74.11
S56.54
S12.64
$70.14
$41.42
544.13
562.11
$44.01
$41.1|
5SJ.li
T Surf
IDeg N)
SS6.15
SS1.36
539.33
SS8.06
$S1.S4
$10.11
$60,10
Si0.S1
$61.$3
$61.$1
$13.41
$61.37
SS0.SI
$60.64
$61.$1
S41.S1
541.00
$61.|1
Geuoe
LaDe!
HTI|
NT10
HTg
NT6
HT1
HT4
HT5
NT4
HT$
_T2
NIl
NT45
HT46
HT4?
HT44
HT4_
GeuQe
Lst_l
NTll
NTIO
NT4
NT!
NT1
HT4
NT5
NT4
NT3
NT2
HTI
NT4S
NT44
NT41
NT4|
MT49
Geuge
L_bel
HT11
HTIO
NT9
NT6
NT$
NT4
NT)
_12
NTI
HT4S
NT46
HT4?
NT4|
HT4S
Loc.
(deal
-14.73
*13.40
-ILll
-ll.ll
-10.63
-9.60
-I.04
-0.10
*4.34
-1.36
*.62
4.34
1.10
16.iS
36.54
31.41
I,,o¢.
(Oeg)
-14.13
-11.60
-12,0]
-11.00
-10.93
-9.94
-9.04
-I._0
-4.)4
-1 .$6
-.42
4.34
4.10
16._9
_6.54
35.41
LO¢.
(aeg)
-14.15
-13.61
-12.))
-11.|0
-10,15
-1.$8
-S.O4
-1.10
-4.)4
-1.$6
-.62
4.34
0.10
16,45
24.$4
31.47
LoC.
IdtSI
-14.71
-13,61
-12.13
-11 .n
-10,63
-I.!1
-6,04
-1,1o
-4.34
-1,st
-.52
4.34
0.10
16.66
36,S¢
11.61
Vl|ue
{STU/rL2-Sec)
?.20_(1)
2.7_1{ I)
3.314( |1
4.?31())
6.303( 13
4.$09( 1|
4.144(l)
4.102( 11
7.4191 03
3,5531 O)
Null
4.$49(*1|
5.1t3(-11
1.110( 01
?.174r-1)
Null
Va_ue
(ITU/FL2-Sec)
1.504( 11
1.15_( II
f.O_5( 11
1.461(O)
4,252( 03
1.600{*11
4.441( CI
3.744! 01
9.024(-I!
4.101|-11
N_ll
-3.343(-1|
-1.117{-13
-S.110(-I)
-3.405 {-11
Kull
Velue
(|TU/Ftl-So¢)
1,223(1)
t.105(O)
1.621(O)
7.$43(O)
4.411| O)
Null
4,3?4( 01
4,210(O)
7.441| 0|
1.163(O)
Null
).1604-1!
4.34OI-])
).505(-13
-1.5J2(-1|
1,543(-1!
Value
|_Tu/rL2-J_JC|
1.461 ( 11
1.SS61 I)
1.$36(1)
1.SS4(1)
1.001( II
?.ill ( 03
1.61S( 11
1.331(I)
1.113( 13
3.2201 11
Null
1.0614 I!
6.71S ( OI
$.026( 01
S.692 | 03
6.044( 01
T Surf
(De4R)
514.10
S_S.2_
bS3.11
5J1.1|
391.62
601.$4
t06.02
401.07
3?4.42
SS5,45
NuLl
$50.t0
SS0,14
341.08
$41.00
Null
T Surf
(Oe6Rl
S16.64
$77.54
571.bl
$45.12
SS6.01
343,24
353.13
551.$6
$41.34
S4|.S_
NUlL
b41.01
$46.40
$44.10
$43.O4
Nv_l
T SUC_
IDesRI
SSI.t4
SS4.42
SS4.21
SS2.41
341.61
Null
$44.$4
$41.10
SSO.23
$41.24
Null
$41.i6
$47.11
$41.O1
$41.34
$44.|_
T Surf
tDegR!
$61.04
462.66
$6_.$0
$63.60
$64._4
$54.63
$62.14
SS6.03
$61.33
$60.53
Null
$36.21
$$3.01
$$2.e)
SS3.01
$$3.61
B-116
Gdlvge
Label
MT$2
NTS)
HT$C
MT4¢
NT¢]
HT43
_r4]
HT¢0
HT39
NTSe
HT3?
MT$|
NT]b
NT]4
NT]|
NT$3
HT]]
H75_
Gauge
La_l
HT]3
N?$1
NTS0
NT44
NT¢]
N743
NT4)
NT40
NT$i
NT]|
HTS?
NT]|
NT]b
NT$4
HT$]
HT]3
NT$I
NT)0
GSuga
1.4bel
NTS_
NTb!
MT_0
MT44
NT4]
NT43
HT41
HTaO
HT$J
NT]8
NT]I
NT]6
NT]b
NTS4
HT)]
NT]3
HT$]
NTSO
GIuQo
Label
NT$3
NTS]
NTS0
NT44
N?4)
NT42
NT4|
NT40
NT]I
NT31
NT]7
NT$1
NT$S
NT)4
NT]]
NT]3
NT]]
NT]0
Lo¢,
|Nag)
-St.00
"4].03
-54.43
-44,$5
-43.40
-43.41
-43.1t
-40.|8
°40.00
-$1.33
"$|,3|
"33.43
*)6.SO
-]S.I?
"34.12
o]3.??
-33.82
-31,09
L,oc.
(Oe?)
-64.00
-J],14
o54.41
-44.55
-43.60
043.6i
-41.?9
-(0.19
-40.OO
-3t.]3
-]1.38
-37.43
°36.50
0]b.4"_
-$4.71
-33._?
*$2.42
-)l .l_
Loc,
(sag}
-99.OC
-61.03
-54.|3
-44.55
-44.10
-4]. il
-4|.71
-40.it
-40.00
-$1.13
-)i.]i
-33.43
-34.]1
-]5.6?
°34.?)
-33.77
-]3,02
-$1.It
LO¢.
(te0)
-6t.00
-43.04
-54.61
-44.55
*44.60
-44.60
-4] .71
-40.11
-40.00
-31,1]
-31._1
-37.4_
-]l.Sl
-IS.l?
"]4.31
-]],17
-]3.13
-]I .1t
Villi T Sur_ Gauge LOC. Value T Sue! Gadge L_c.
(|Tu/rL3-Sect (DeQR) libel |dOQ) (|TU/T_3-$ec) IGegR) libel qdog)
3,4294-33 550.34 HT29 -$0,99 1,51l( 03 551.31 HTI1 -]4.35
t._43(-]) 551.39 KT$O -]0.Ol 1.5i2(1) S43.10 HT]0 -)3.61
].44_1 0} 55_.]) HT3T 031,11 3.004(1) S64.43 HT9 -]3,03
4.TS0( Ot 5bS.24 HT?6 -$8.34 ].143( 13 565.36 HTO -1].08
$.O30¢ 0) 5b3.35 HT3S -3_.41 1.S53( ]} 547.33 HT? -10.J3
1.414| O) 554.04 HT34 -]i. S4 2.]07( 13 561.83 HT$ o1.18
3,366( 03 Sb$.i) HT$$ -]5.it 2.013| 1) Sil.33 HT5 -I.C4
4.0914 Ol 564.03 HT33 o34.10 I.)01( 1| 541.41 HT4 -1.10
4.409( O} 5_4.2_ NT$] 025.94 2.]03(1) 511.]0 HT$ -4.34
4.114(C) _ba.10 HT3O -3$.0| 3,3034 1) 563.13 NT3 -3.56
b.4154 0J 55_,06 HT]9 023.25 ].305[ 13 544.19 NT! -.42
]._4i 0i SS),T6 HT]I -21.40 ].4094 ]) 543.)| HTa_ 4.34
6.54J1 03 55_.3] HTI_ -20.56 1.47_{ 1) 544.04 NT4& 1.30
5.t?_( O| 556.13 HTI6 -11.62 1.5834 23 S|S.]l NT4? 16.69
t.31C( O} 55t._2 MT1S -]1.44 1.411(|) 5iS.0] KT44 26.54
Ndll N_]l HT34 0]?.46 1.1151 11 543.39 HT49 ]S.S_
].00_( ]) 559.33 HTI3 "||.49 |.t]O( )] S64.51
9._91( O) 559.5_ HT_3 -15.?1 1.5144 1) 5|3.3_
Ru_ 45 ReOucao _ata 7&_!i_]O_
Ve)_e
(NT_/IL3-$e_)
3.34_(-1)
1.053 0J
3.03_ 0)
],)49 01
3,014 0)
1,113 O)
_,99] 01
3,201 O)
2.314 O)
] ._24 O}
3.068 0)
$.06! O}
N*; J
4,3_3(0)
R+P
VlJml
IITU/Pc2-SIc)
].434! 3)
_.104l ]i
2.930( ]l
b.Sil 1)
].1T9(3)
?.763( ]}
5.$49( t]
6.36]i ])
5,3141 ))
1.9??! ])
?.6311 ]]
0.010(1)
1.0034 2)
X.ll
I.170( l|
N_33
?.3531 1)
1.)87( ]}
Value
(ITU/rt$-$*c)
1.444 11
1.378 II
].539 1)
1.407 ])
1.510 ])
1.170 0l
1.111 II
].1344 ])
1o5241 ])
1.492, 3)
1.334 31
).0]l 13
3.550 ( 03
3.12l l-l)
°3,799l-1)
T Surl
(Oeg_!
$62.50
563,39
545.53
164.14
563.59
S53.?I
SS].?l
54_.04
$60.]3
56b.00
5_3.32
558.38
553.44
550.63
550.03
T 5_r! Cau_e Loe. ve],e T Surf C4_Qe L_¢. Value' T $,r!
IDeg_) LaDe] IOag) (ST_/TL3-Socj (DegR) La©el (0eQ) ISTU/Ft3-Sec) iDeg_)
5_0.31 HT31 -$0.t9 ¢.Tl0l 0l 551.09 NT;1 -14.35 ?.3124 0) 56].69
Sbl.$l HT$I -]O.Ol 4,1Ill O) S51.4_ HTIO -13.61 4.0541 O| 559.46
$$3.50 HT3_ -31.11 6.6e31 0) 5t2.34 NT9 o12.13 6.36_1 0} 543.3_
554.91 NT34 o31.30 5.33ll O) 560.44 NTS -11.II 5.73_( 01 543.0_
553.50 NT]S -34,41 7.6101 03 542,14 HT? -10.93 5.831( Ol 559.60
556.33 NT34 -36.54 |.614| O] 563.39 N76 -!.90 3.|964 O) 553.31
5S].T6 NT33 -35.65 1.160(O) 543.?? NTb -S.O4 3.819(O) 563.35
_$4,34 NT32 o34.10 S.llll 0) $61.13 HT4 -l.10 ?.454(0) $64.45
SS4.I_ HT31 -33.14 ].0IS1 1) Sli,13 HT) -4,34 1.3)71 ]) $63.39
555.$9 HTSO -$3.01 1.441(O) $4].03 HT3 -l.ti 3.30_( 11 533.14
555.00 NTlf -32.35 ].lOll 13 565.36 MT1 -.43 N_JI Null
S$4.44 HTII -31.40 ?.lSl 03 541.35 NTIS 4.34 1.204(1) 565.90
_bt.$l HT)] -30,$4 1.965(O) 563,14 NTa6 1.30 7.4_0(C) _2.66
554.22 HTI6 -]9.6_ 1.14110J 543.1T NT4T ]6,69 _.0491 C) bS3.4_
556.0_ HT$5 -]1.44 1.0L61 1) 513.71 NTa| 31.54 -_.091(-]l 549.t]
N_J] HTI4 -11.64 ).034(1) $64.06 NTa_ 35.47 3.369(-11 549.52
5_.63 HT]3 -36.49 9.t90(O) _3.51
_59,00 HTl_ -15.?I 1.03010J 543.31
4e Pea+ca, Da_I TID++ILIO_
? Jut! Gauge Loc. Value T Surf Gauge Loc. value T $_r_
(DagR) libel laeg) (STU/Pt$-SIc) IDegR) liDe_ (sag) (STu/r_3-$ec) (DeQR;
5_.9? N73_ -30.19 ?.353( 11 634.14 HTll -14._ 1.294( 33 S_3.$0
SIt.D3 HT]8 -]O.OO T.3361 13 633.13 HTlO -13,S0 1.009(2) ?Of.l?
533.C_ HT33 -39.18 1.350(l) 123.01 NT4 -)2.1] ).114( ]1 58_.35
600.]9 NT36 -30,31 ?.SOII ]1 133.61 HTI -]3.i$ N_ll N_ll
117.45 HTS$ -3?.¢] t.1544 1) 451.14 HT? -10.1) 3.2;31 )} 5T5.46
ill. J4 NT$¢ -36.54 ].04?/ 3) 633.14 HT6 -!.11 $.095( 13 573,$4
590.11 NT$$ -]$.66 1.0004 ]) t)).0] NTS -5.0¢ 4.t])( 1| 5i3.32
SOT.29 HT33 -34,1C I.$34| ]3 444.]5 MT4 -I.]0 i.m3?l 1) 4C),31
405.14 NTS1 -3].19 1.3351 3) 151.1S MT3 -4.34 5.1731 )) 591.47
Ib0.11 HT30 -3].01 1.041( 33 14¢.11 NT3 -1.51 _u33 N_ll
4]¢.I¢ NT19 -]3.35 1.345( 2| 61].71 _T1 -.63 N_II _ull
44_.49 HT]I -3].40 1.40]( 23 i36.il HT45 4.34 4.]?9(]) 515.04
652.1T NTI? -30._ 1,_114 2| 666,00 N746 1.10 3.]¢24 1) S??.06
Ndll NTI6 -11,42 ).515(3) 670.10 HT41 16.61 3.00¢( ]} 5?2.?$
145.$5 HT]5 -]1.t4 ],1641 3) 613.61 HT41 34.54 3.0194 I} 555.00
Null NT34 -]?.66 3.005( 2] 731.]4 NT49 ]5.4? 3.54_(I) 569.04
S$].TO NT]3 o)6.S 9 4.339(_) $03.O£
62].$T NT]_ -|5.?] 2.45]( 3} 744.49
Run 4_ Rea_ce4 DaLa T6DuJat]on
Value T lur_ GluQa Lo¢. Vllui ! Sur| Gauge _o¢. Vllu! T iur_
(17U/FL$-ilc| iDegR) libel (leg| (aTU/rc$-Se¢) (D_gR| li_e2 (Oig) (|TU/Ft]-kC) (D_gR)
1.0414 ]| 559.t0 NT31 -]0.tt 5.3164 13 601.$5 NTll "14.?S ].1531 31 152.$4
Null Nu]] HT31 -]0.01 7.0171 i) 13].10 NTIO "I].11 i.464( 13 40].03
].3]$I 1) 5?0.03 NTI? -]1.11 7.O611 ]) 133.73 MT| -I].l] 1.154()) ]13.66
1.1111 13 610.]1 NT_6 -31,31 I._0TI 1| 131.13 NT0 -11.10 ].1114 13 SII.13
4.117( |I 511.16 HT35 -37.41 I,I_I(|) 142._? NT7 -10.15 ].103(]) $80.SI
5.4t41 13 604.]t NT34 -31.$4 !,4064 13 141.51 NTS -I.98 ].604( |J $7?.34
4.]JS( ]| 519.31 NT$] -35.66 0.44](]) 143.54 NT5 -t.O4 ].3301 ]) S?1.55
4.341 ( I! 590.63 NT22 -31.10 I.IIII It i54.44 NT4 -I.I0 ).1101 I) SI),4S
5.1314 13 $tl.0] HT]] -3].14 1.DT$(]) t11.1] HT3 -4.]¢ ].]311 I| 531.15
6.$I](I) 113.]1 NTSD -_],01 1.00](]) 117.00 NT3 -).51 ].1011 I| $71.11
1,5511 I| 114,17 HTII -3].35 1.O111 ]) 111,71 NTI -,13 Null Null
S.0604 ]I 1D3.00 HT]I -31.40 1.1554 3} 111.01 NT45 4.]4 ].)$01 ]) 530.14
1.ii6( 13 644.55 HT]I -]D.li l.]iDI 3) 1t7.17 NT44 I.ID 3.]641 I) 5?0.39
4.4144 13 $45.36 NTIS -11.43 ].]3t( St 7D].31 NT4? ]i.61 1.5604 ]) $64.4]
1.4511 |) 131.34 NT]5 -11,14 ].9071 ]) 111.]4 NT41 36.]4 ].4311 I) 543.11
N_I| Null NT)4 -1?.16 ).)511 3) T61.11 NT41 ]5.6? ?.3]31 0) 557.44
1.341(]) 635.14 HTI] *]6.11 4.540(3) 115.15
1.15_(I) 6_0.56 NTI3 -)5.?] ].1131 3) 111.31
Nun 41 IlOUCtd Da_a Tabu]&llO_
B-117
Gauge Loc. Vl]ue T Surf Gauge Lo¢.
Libel |leo| ||TU/FII-Su¢) (DegR| t_uel 4aug)
NT$2 -64.00 3.01|( OI b$|.4D HT)$ -30.$$
HT$1 -61.03 3.T111 0) S$2.4S HT$O *)0.C|
NT_O o$4.61 S.|2tL O) _$$,11 NT)I -_9,1|
NT44 -44.$S 8.2304 Of $54.13 NT26 -24._4
NT4) -43.60 7.$$6| O) $$9.04 NTI$ o31.41
HT43 °4).60 1.4104 11 S60,$6 HT_4 -2S.$4
NT41 -41.13 |.$0|| O) $61,10 HT)) -]S,li
NTiO 040.01 1.113( 13 $14,75 HT23 -34,00
HT)g -40.00 I.$04(I) 577.I] HT31 -33.94
N731 -3$.13 4.)144 1; 60S,i5 NT20 -3).Oi
NT)7 -31.21 $.2341 1L 603.9l NTII -)),)$
HT)S -37.41 I.))$(1) SOS.S0 HTll -]1.40
NT15 *)i.Si i.14|(1) i01,7$ HT11 -20.$6
NTIS -33.61 4.431( )l 511,62 HTIS -13.61
NTI] -34.11 _.441( II 5TS.53 HTI5 -11.64
NY)2 0)3.?? N_l] Nul| NT) 4 -1?,iS
HT)I -33.12 1.3234 1) 501.34 NT13 -IS.St
HTI0 -31,05 1.114( 11 5_g.eS NTI_ -15,1_
R_h 40 Reauce_ Dell TeD_ls_Jon
Gauge Lo=. Value TSurt Gauge Loc.
Libel |aug| IITU/r_3-S¢¢i (DeqR) La_el (aag)
.NT$2 oil.G0 2.1?3(O) 542.44 HTlg -30.$4
N?$3 -41.13 2.|$34 O) $43.07 NT11 -)O.DS
NT$O -$4o41 4.0641 O) 544.13 HT31 -21.14
HTE4 044.SS 1.443(O) $41.0] HT_S -ll.ll
NT4) -43.S0 6.434! O) $46.30 HT25 02_.41
NT42 -42.41 4.139(O) $4|.73 HT34 -2S.54
N?41 -41.7J 4.361| 01 545.01 NT2) -25,44
HT40 -40.01 8.124| O) 547,71 HT]) -24.00
NT$t -40.O0 6.154(O) $4S.5t NT1) -33.14
NT28 -3J.13 1.0301 13 _49.14 HTe0 -33.0S
UT37 -34.3l 1.101(1) 54g._1 HTIS -22.30
HTll -31.4_ D.Sl?( OI 541.J9 HTL| -_],40
NT)$ -36,$1 1.11&| 1) SSO.00 HTI? -20.5i
NT)4 -33.41 Null NUll NTIS -1|.43
NT33 -34,71 1.1361 11 550.04 HT15 "10,64
HT32 -33.71 N_IL flu|l HT14 -11.S|
HT)I -22.13 1.046( 1_ $49.?S HTI) -16.69
HT)D -2_.85 1.1941 l) $50.44 NT1) -15,11
Ru_ S0 Rea_cea DiLl ?aDulation
Gauge Lo¢. Val_e T Surf Gauge Loc.
I.ili>el (deg) (NTUIFLi-Seel (DeQR) 1,abel (degl
NT52 -69.00 1.12J( O; 542.90 HT1J -34.49
HTSI -61.l) 3.113| D) $43.70 NTli -)0.DI
HT50 -54.61 3.1104 OI 544.$0 HT21 -23,1$
HT44 044.$$ 3.044( 1| _$0.42 HT)4 -2l.]l
HT4] -43,60 1.142( 03 341.63 HTIS -31.41
NT42 -41.1| l.eii( it 553.94 KT24 -34,54
NT41 -41.?$ |.$63| Ol $41.15 NT32 -25.64
NT40 -40.08 $.1534 O) 545o15 HTI) -34.00
NT29 *40.00 1.0504 1) 550.84 NT)I o23.S4
NT)O -34.33 1.360| I| 552.t4 NT10 -33.00
HT)? -31.21 3.3$44 1) $53.)0 NTlS -22.25
NT34 -37.42 1.241| II 55_.02 NTI8 -2|.40
NTi_ -)6.$0 1.$_6! 13 553._$ HTI? -20.$i
HT)4 "33,47 Nukl NUll NT16 -1$.$3
NT]3 -34.71 2.456(l) 543,73 NT1S -|l.S4
HTe) -33.71 Null Null NT14 -37.64
NT31 -32.02 3.4414 11 5tj.13 NTIS -14.43
NT)O *ll.S| 4,495| 1) 5_6.11 NT]2 -15.71
Run 51 Rue.egg De_e TIbuliclon
Gouge
_a_el
NT$2
HTSI
NT$O
HT44
NTS)
NTi:
NT41
NTiO
NT)t
N_3|
HT37
NT)4
NT)$
N?23
NT)J
NT31
NTI0
J_C.
leeS)
-41.00
-61.03
-$4.61
-44.$$
-43.40
-43.0|
-41.?_
-40.80
-40.00
-)S.])
-20.10
-31.43
-36.S0
-35.41
o34.?|
-33.11
-31,02
-31.03
Vllue
|STuIrt_-Se¢)
1.0_0 11
4.410 01
S.133 01
5._14 O)
$.450 O)
b.143 O)
$.114 01
4.704 0|
4.5]? Ol
4.364 O!
4.500 O)
|.$24 O)
4.101 O!
3.$32 0)
3.4_$ 0!
).740 0)
4.I51 O|
3.131 Ot
Va|ue
IlTuIrcl-Sec)
1.176 II
1.350 l)
1.431 13
1.313 1)
1.377 l)
1.115 II
1.462 It
1.430 1)
1.154 1)
l.S0_ 13
).o?o 1l
2.1OI 1)
2.0_4 1)
3.105 11
),393 13
4 .t24 II
VaLue
4iTu/r_2-Slc)
4.33_ 11
4.34_ 11
S.444 1)
b.153 3)
$.357 1)
4.142 11
2.)S0 l)
2.300 1)
1.436 |)
1.)15 3)
1.104 14
7.?33 0!
1.3)l 0;
0.013 0)
4.150 03
4.042 04
5.307 04
4._34 Ot
T Surf
l_gR)
SSI.SI
$b6.43
5bk.S$
5S5.G6
$$4.01
5b4.S3
554.10
5_4.00
553.12
5_).42
$$3.S2
533.0]
5_3.80
552.$?
853.79
$5).09
554.01
563.40
T Surf
IDegS)
544.84
$50.00
$51.70
$$0.00
5_1.43
53_.13
$52.70
553,1]
555.41
554.40
$54.1_
530.25
554.33
$63.15
563.5l
57_.13
T Sur!
|Dtg_l
575.44
504.$5
513.30
51=.I$
$03.10
5T$,35
Sig.1S
501.04
5b5.0_
$$3.43
5$$,60
5$0.53
$44.7_
545.)$
545.93
546.01
544.$8
546.2S
G_ge
1.abe;
KT11
NTIO
NT4
NTS
NT7
HT6
HT5
HT4
HT3
NT2
NT45
NT46
HT47
KT4S
NTI$
GaUge
Label
HT_I
NTIO
NTS
NTI
KT?
NTS
NT5
HT4
NT3
NT3
NT4_
NT4|
HT41
HT4i
HTIg
Gauge
1.,11041
NTII
NT1D
HT9
NTO
NT l
IITI
NT5
HT4
KT)
HT3
HT]
HT¢ S
NT46
NTi?
NTIS
NT4S
4aeg)
-14.75
-13.60
-13.83
-ll.il
-1o,_)
-l.ll
"l. O4
"1.10
-4.24
-1.56
-.42
4.34
1.10
14.65
36.54
)_.01
_oc.
(aug4
-14.75
-13 .St
-I).03
-II ,el
-I0.93
-0.40
-_r. O4
-l.lO
-4.34
-1 ._4
-.SZ
4.34
i.10
16.69
24.54
35.6?
_o_.
4egg)
*14.75
-11.40
"13.83
-ll,lS
-I0.$)
-l.ll
-$.04
-8.10
-4.34
-1.54
-.0)
4.34
1.10
16.61
14._4
35.61
VeJue
IgTU/rt1-Sec)
4.3S44 01
4.401| 04
Null
3.62b(0)
3._S3L O)
3.313l 0)
4.150l 0)
N_I_
$.ISi( 01
4.]63f 0)
Nu_l
3.4$0 (0)
3.056( 0l
1.7311 01
2,11:I 01
2.31l| 0_
Value
llTwrt1-$*c)
3.340 11
1.241 1_
4.161 O)
4.]32 O|
4.68_ 0J
4._15 03
6.21_ 04
?.?0O 04
1.0Sl 13
l.lll O)
7.066 01
S.0O4 O)
5.534 04
4.193 03
¢.231 04
Value
(OT_/Fc]-$ec)
i. E44(0)
5.)?$1 0)
4.1554 0)
4.441(0)
1.004| 0)
1.064 ( 03
_.4544 01
).4421 0)
$.0311-14
1.1324 O)
Null
1.454 1-I]
$.4101-I?
1.1411 0)
_.S111-14
1.353( 03
Vllue T SUrf Giu_e Lee. Value T Su_[ GIU_I Lee. Valve
II_U/r_l-s,c) ID,gt) _l_el laDS) iI?U/r_2-4,¢) |D,gl) ],J_Jl IO,g| IBTU/F_i*Jic)
1.4604 0) 543.12 HT20 *30.05 4.053( 11 STi.i4 HT|I -14.15 ).7i)I 03
1,1111 el 54).77 NT)I -30,01 4.040| 13 STI.44 HT|O ol).SI 1.4434 03
2.1S]( 04 $44.15 NT)I -21,11 3.115( 1| 515.10 HT$ -31.13 l.illl 0|
I,IIII 01 ISI.?3 NT24 *il,@l _.311( 11 $42.56 NT8 -11.11 1.040( OI
S.iT01 O) $45.17 _T23 -21.41 _,1111 It $$0o41 MT? -10.$) i.1001 01
1.1121 13 $S?.20 HT24 -31,$4 2.0401 |) 55i.15 MT4 -0,$1 2.303i 03
7.$671 04 $50.?2 NT)) -35.60 1.3501 1| $54.$3 HT$ -$.04 1.?$31 O)
0.i6010L 551.45 NTi2 *3¢.00 7.)$$(0) 551.$0 HT4 -i.30 1.3104 O)
0.1204 0; 553.41 NT_I *2).04 2.602( 0| $4i.S$ HT3 *4.$4 4.0124-11
1,055| 33 $40.$2 NTIO -_$.00 1.0631 O! $41.$_ NT3 -I.SS 1.005(-11
1.364(3) $S).20 NT10 -23.25 0.117i 0) 541,$1 HTI -.S) Null
1.1351 I) 514.S_ NTII -21,40 Null Null HT45 4.34 -).400(-13
).0201 II 513.30 HT17 -20.$$ 2.3101 0) $47.03 HT4G I.I0 -I.]$3(-31
Null Null #T|4 -10.02 2,1511 01 $40.$) KT47 10.14 -),$411-I)
$.7631 I| $I0.$1 H_|$ -|1.44 1.6031 0| )45.|) HT40 26.54 -1.134(-I|
Null Null HTI4 -I?.46 2,4231 01 $4i. II HT4$ )5,6? -6._?1-33
1.0141 14 $11,10 NTII -II.I$ Null Null
$.i501 14 513.$I NT12 -15.11 ).1131 04 $43.i0
Sun 53 Aeduce4 Dell TIDu]4teOn
T Jut!
IDeg;)
$_4.00
$54.]S
Null
$52.01
$$2.)6
b$2.$0
55).3)
Null
$54.51
55).?2
Null
$52.05
$53.)3
552.45
551.$6
$52.15
T Surf
(DugR)
511.34
$52.25
$44.15
547.01
$40.35
545,03
544.31
$44.60
541.31
_47.47
Null
_4t,J2
540.$4
$43.11
543.00
544.33
T Surf
(_g_4
546.41
$41.I_
546.31
544.10
545.30
$45.?7
$45.3?
545.09
514.11
$43.07
Null
$44.02
54).40
$43.40
$41,01
$41.06
T Our!
IDeg_)
$46.02
$43.63
$45.$)
$43.O?
$44.47
$44.08
$44.13
$4].02
$4).00
$43.10
Null
$43.40
$43.)0
541,11
$43.)4
$42,0)
B-118
Gauoo Loc. Valuo T Surf Gau9e 1,oc, value T Surf Gauge Loc. Value T Sur!
Idbll IdiOT (lTUlrtl-Sec) iDeORI Libel (aegl (ITU/PLI-IIc! (DogR( LI_L (Oil) IlTU/rtl-le{| (DltRI
• rs2 -6s.oo 2,4114 o) s4s.10 HT29 -)0.IS 2.S22( I( S11.Sl NTI] -14.?S S.00?( O} SSS.01
HTt) -6].1] ).4094 0| S46.32 HTll -30.01 l,TS0| 1| $61.12 NT]0 -|).68 S.lII( OI SIi.$I
HTb0 *54.Sl S.SOl( OI 541.10 HTI? -lS.]i 1.455(1) 560.26 HTI -12.81 4.995( 01 S4i. Si
HT44 -44.S1 1.295| 1| 557.36 NTl6 -21.2i l.?61( O| S53.)1 HTI -l].li 4.2J4(O) $4l.|4
NT43 -4].60 1.114( 11 5t6.21 NTlb o21.41 1.173( O| 5S1,75 HT1 -]0.S3 4.2314 O| S45.07
HT42 *41.Sl 1.llSI ]) 564.41 HT24 -26.54 l.10l( 01 S!I.ll HTt -l.91 4.2104 O) $41.45
NTiI -41,71 l.ll?( O| 554.01 HTI] -15.66 1.115(0) $$1.01 )ITS -9.04 4.|11l 0l $47.45
HT40 -40.il 1.117! 11 SSl.54 NTI2 -24.10 7.112( 01 SS|.01 1474 -l.]0 3.1Sl(O) b41.1J
ICrll -40.00 9.S24(O) S55.42 HTll *23.54 1.5154 01 SS0.72 HT3 -4.34 4.S974 O) $44.32
NT]I -3|.13 1.6S)( ]1 562.15 NTIO -23,08 7,1102| 01 SS1.]5 NT2 -1.54 4.05](O) 547.52
NTI? -11.21 1.423( 11 5i0.64 NTIS -22.25 S.ISO(O) $411.61 HT) -.52 Nu]] Null
NTIS -31.42 1.5104 11 $61.10 NTIII -21.40 NU]] iulJ NT45 4.34 3.278( 0| $47.0|
NT]t -]i.ll 2.212# 1) SiS. Ti HTI? -20.S4 S.2|2(O) 545.S0 NT411 I.]0 3.650( 01 $41.14
NT34 -25.61 iuI] Nu|) HT]6 -1S.62 6.253( G| 541.31 HT47 li.64 3.iSi(O) 545.69
NT_3 034.T1 $.0714 1| $i$.37 NTlb -|8.64 $.SIS(O) $4|.11 HT41 26.54 2.4754 O| $45.$S
NT22 -]3.71 NUll Null HT)4 -]7.Sl I.Oil( 01 S45.30 NT4J 35.67 3.360( 01 546.3I
HT11 -33.82 1.0234 12 604.41 HT13 -li.611 $.?Sb(0) 5411.35
NT$0 *21.Oll $.0i_l ]1 $SJ.SS NTI2 -35,71 5.151(O) 540.011
Nun 5J Neaucea Date TaDuJlt(o_
Gauge Lo¢. Value T Surf Gauge Loc.
L_USI i4ogJ (ITU/rtl-SoC) (DogA) 1_bo) (aeg)
NT52 -1S,00 3.1014 O) S]S.31 HTll -)O.ll
NT$1 *i].i3 4.217(O) $40.01 NT2I -20.08
HT50 -S4.11 I,]3l (0) $41.34 NT27 -29.18
NT44 044.5S _.140( 11 544.63 NT14 -21.21
NT43 -42.60 1,021| 1) 544.15 NT2S 021.41
NT42 -42.11 1.461(I) $47.43 NTl4 -21.54
HT4) -41.11 6.9311 O) 542.61 NT23 -25.64
H140 -40.ill 1.229| l| $45.4S HTll -24.80
NT111 *SO.S0 S.OI2( OJ S44.]6 HT21 -23.54
HT)I "21.13 1.4S2( 12 $47.$4 NTIO -23.08
NT31 -]1.21 1.444# ]) S4?.S] NTIS -22.2S
HT14 -37,41 1.4364 11 541.38 NT]I -21.40
NTI$ "34,$1 _UII _IJ HTI7 "20.$6
NT]4 -2S.61 1.152( 01 54_.04 NTL6 -11.62
NT]3 034.7| 1.402( 11 $47.34 HT1S "10._4
NT)2 -21.77 Mull Nul_ HTI4 -]?.46
NTI) -32.82 1.421111 t40.10 HT]3 -16,411
HT10 -21.111 1.1074 12 $45.01 NTI2 -15.11
Gauge
Lane l
NT$2
NT$1
NT$0
NT44
MT43
NTS1
HTSI
NT¢O
NTIS
NT31
NT)?
NTIS
r:]$
NT]¢
NT33
NT32
NT31
NT]0
_D¢.
(leg)
-61.00
-1].13
-$4.61
-44. $$
-$l.iO
-12. IS
-41,75
-40,11
-40.O0
-39.12
-211.21
-3?.42
-31,bl
-IS.IT
"34.71
-33.71
-32.12
*31.19
IdD¢.
(log l
-ll.O0
-11,12
*S4.l]
"44.SS
"43,10
"12.11
"11,75
"40,II
040.00
-31.12
-31.21
-31,42
-3l.ll
-|S.I1
"34.71
-_3.T1
-22.02
*]l.lS
GouO*
z_be]
MTS_
NT$1
NT$O
NTE4
HT42
HT42
HT41
NTSO
NTlJ
NT31
HT]T
WrlS
mr?Is
MY]4
rl'3]
MT_2
NT31
NT$O
A+m 54 ReDuCed Dltl 7IDUIILIOn
Vl)ue T Surf Gauge Lo¢. Vl)ue T Surf
(lTU/rtl-S,¢) (_*11| L_*i (Oeg| (|TU/rtl-Secl IDes&)
1.56$(O) 542.711 NTII -14.7S 1,5034 ]l $56.07
1.442(1) $41.11 HTlO -13.S8 5.353(1) 553.41
|.S4S( II 54S.66 NT| -13.i3 $.0$4| 1) S$1.111
3.6134 1l S$0.01 NT8 -11.1111 2.1491 11 546.43
1.741(1) 551,S5 MT1 -10.13 ].$131 ]1 542.1t
1.|62( 1| 553.15 NTi -S.|S 1.0171 0l $42._1
1.S?S( ]I S$_.]l NTS -S.O4 6.94_(O) $42.$1
|,li) l 12 554.05 HT4 -4.10 6.7741 02 $42.S$
2.1ell 1) 555.25 NT3 -4.34 1.352(]) $44.$3
2.1314 1) $S].4S _T2 -1.S6 NuI) Nu|I
2.451( 1| S$).$4 HTI -.62 Null Nu_
2.S]1( 11 5SI.SS NT4$ 4.34 ].214( 11 544.11
2.556(|) 553.05 HT46 l.]0 1.330(O) $42.74
2.100(1) $$4.12 NT4? 16.111 7.1361 O| 54l.©3
2.101(1) 5$?.53 HTS8 26.54 5.003(0) $40.42
3.243( ]| 556.01 NTSS 35.1_ $._8_1 O) 540.Sii
5.336( 1| S6].54
5.0414 1) 540.1_
V¢_, T Sur_ Gauge Loc. V+luo T Surf
(ITU/Pt2-Se¢) (_egR) _t_e) (Dog] (lTU/rtl-se¢) (_9R|
1.2141 01 555.55 HTlS -$0.SS 1.3134 ]] $$].I|
2.1S21 O) $40.21 NTll -20.01 S.4SO| O) 552.34
4.450( 01 $41.10 HT27 -lS.]I 1.331( I1 553.14
3.611( ]1 554.30 HT16 -20.34 S,Oll(O) 551.54
2.1124 1i 551.22 HT21 -21.41 5.5361 O) $51.25
$.10111 ]| SSI.I0 _24 -21.S4 1.22tl O) $53.00
2.120(]) 553.40 KT33 -25.66 $._30( 01 550.211
4.9211( lj 557.42 NT22 "24.10 3.0654 @) $41.11
S.]ST( 11 $$ii.ii1 NT_I "22.|4 1.451( O| 546.13
1.220(1) $61,27 NTIO "23.01 1.425(-11 $41.]l
S*4234 1| SSI.$O NTlS "32.25 1.$054 O| SSl. S2
S*401{ 11 SSS.)0 HTII "21.40 $.2634-11 546.04
$.S|$1 lJ 516.60 NTI? -20.$1 1.Ol14 O) $45.21
4.622( l| $11.Sli NTIS °|t.$2 4.441(-1( 544.?S
4.175| 1) SI14.1_ NTIS -11,54 -2.441(-1] S42.SS
Nul| Nul| HT)4 -]?.61 -S.160(-3) S44.71
3.140( 1| 561,]1 NT13 -16.SS -4.500(-2) $44.41
2.]11( 11 S$S.Oi NTI_ -1S,11 -S.?J7(-2| $4].74
NU_ $$ ReDuced DI_I Tib_liL_on
Vllu* T Surf G_,;* _oc. V*Iu* T S,rf
IITu/rt2-1ec) (DegRj _el (OeO) (ITU/rtl-Sec| (De_N!
2.SSlf-]) 521.24 HTlS -30,S_ 4.251(O) SSS.O?
S._S6(-]( 521.12 NTli -SO.OS ?.S14| O| 547.52
1.1204 0] S]9.¢? N_17 -25.15 1.15_( 04 $41.i2
).2751 O) $44.05 NTlS -25.28 ?o?05(O) SSl.)S
_.3644 O) 542.14 NTI$ -27.41 S,S?4| O) S$|.?t
3.7014 O) 545.12 NT24 -21.$4 S.137( 0j $52.54
_.4t31 0) 542.S0 HT23 -25.61 1.2524 I( 152.$4
2.0564 O) $43.11 NT22 -24,10 Io0151 11 $$1.$7
3.430( O| $44.]O HT21 -22.14 1.765( 11 $bi.14
|.076| O) $44.1i HT20 *22.OS 1.O414 11 152.53
2.446( OI $44.18 NTIS -22.25 1.461( 12 $51.11
I.ISSl O! 543.17 HT11 -21.40 1.4551 11 SS2._2
2.$141 O) $44._3 N?I? *_0.$I 1.$14(1) $$4.11
].0104 O) 542.$] HTIS *19.52 1.$114 i) $15.$1
3.20]( 01 $44.52 NT15 -IS.t4 2.1314 i} SlS.t$
Null Nwll NTIS -|?.IS 3.OS$( 11 $04.73
$.117| 0! $45.64 NT1] -16.$1 4.SSO( 12 $S0.11
$.SS3( O| $41.$4 NT]l -15.71 1.34S(]) $10.H
Su_ $S NeauceO Gatl TIDulltlo_
G_.ge LoC.
].Jlxt_ (4eg)
HT11 -14.15
HT10 -13.SS
HTS -12.0]
NTS *II.IS
HT1 -1©. S)
NT1 -t. S0
K_$ -S.04
NT4 *S. 1C
W_3 -4.34
NT2 -1.$4
NT1 ".$2
HT4S 4.24
NT4| 1.10
NT41 IS.611
NT4S 26.$4
NT4S 35.17
_uge
Lobel
MT] ]
NTI 0
NTS
NT1
NT1
NT$
NT4
Irr3
NT2
NT1
NT4S
NT4 S
NTS?
KY4S
NT49
_oc.
( _eg )
*]4.?$
-1].51
-12.$3
-11,11
"10.S]
* | • tS
-1,O4
*S.10
-E.34
-I .SS
-.62
I.II
I.I0
]S.6S
26.$4
2t.41
Va_ue
(BTU/rL2-Sec)
1.S011-]|
1.9264-1|
-2.7744-1)
-I.1634-22
-3.?$1(-1|
3.120[-12
-3.541|-])
-3.1104-1|
*$.4211-1|
-6.157 I-l)
Nu)I
°1.0)2( O|
-$.4]0f-12
-I.¢71(*I|
-4.453 (-2)
-].t)S (-12
Vs]ue
||TU/T[2-k¢|
1.725(])
1.01] ( 11
1.025 f 2)
7.1031 1]
1.175 1 I!
2.455 ( 12
2.2514 ])
2.O25( 11
2.322 I O)
2.STY(O)
Null
7.10111-2)
-2.1664-1|
-2.1211-))
-6.]76 (-12
3.)24 (-12
T Sur_
(DegR)
$43.59
543.62
$43.)$
$43.67
$41.S_
$42.93
$42.S2
54].$3
542.10
54].11
5¢2.07
540.35
$40.]1
$40,15
$]S.35
T Surf
(DeoR)
IS$.IS
SSI.I?
SSI.IS
$SO.S|
S|1.$2
$51.11
ISI.OS
S$1.$2
$52.33
$42.77
lull
$41.42
142.21
140.45
S11.Sl
557.SS
B-119
GauQe Lac. Value T S_r! Gauge Loc.
Labe! (4192 |ITU/Ft]-Se¢) IDoqel LaPel (411)
NTS/ -11.00 b.OOI(-l! 551.10 KT2| -30.19
NTSI -61.|3 4.404i-1) 531.23 NT]S -20.01
NT$0 -24.11 1.14510) b4O.0b H727 -91.10
HT44 -44.SS $.041{ O) 544.11 NT96 -20.]1
NT43 -4].QO 9,7111 04 24].11 HT]b -21.41
k_49 -4].Si ).612( O} 241.71 NT]4 -at. S4
NT41 -4|.71 4,O214 DI )43.11 NT)] -21.16
NT40 -40.08 4.459(O) 244.19 HT)9 -24.10
HT31 -40.00 3.?SIC O| $41.01 NTll -2].|4
HT)I -21.13 $.1914 01 54t.16 NT]O -]].0e
HT]7 -31.21 ).410(0) 544.64 HT19 -92.|5
NT3S -31.4J $.0494 OI S44.42 NT|O -91.40
NT35 -J6.$1 4.1414 el $41.10 HT1T O20o31
NT34 -33.17 4.1111 G) $42.24 HT16 -19.$2
NT]] -)4.11 1.27]( 0D $41.40 HT15 -11.34
NT]2 -]3.77 Nul| NVI| HT14 -I1,1|
HT31 -3].12 1.2354 1) 512.41 HTI3 -16.69
HT30 -31.11 |.319(1) $$S.2J HI19 -15.?1
R_n ST eed,¢e4 Oata 161ulaLIon
Gauge
La_l
NT)9
HT)I
NT)0
WT44
HTa3
HTa]
NT41
NT40
NT)I
NT)|
HT31
MT36
HT)b
NT34
MT]9
HT))
HT]I
HT)O
1Dog)
-69.00
*61.0)
-54.61
-44.31
-43.60
-4_.61
-41.11
-40.OO
-40.00
-35.19
-30._9
-27.49
-36.)1
-]S.Sl
-34.?]
-]3.11
-32.62
-)1.iS
VaJue
(STUJF:2-SIC)
).]674-_l
I.il?l 0l
1,46| ( OI
].fbl( 0J
9.3_21 02
?,3334 O)
4.014 O(
4.040 01
4.043 01
3.974 02
].ST9 0)
2.$10 OI
3._02 OI
9.t44 O_
4.990 0}
Null
5.005 (O)
4.729q OI
I Sdrf Gauge L_c,
iDeee) LaDes |DEN)
540.09 HT29 -30.99
541.17 HT21 *30.GO
541.17 HT91 -]1.18
S44.34 ffT)S -39._1
544.J0 HTI_ -21.41
b41.il HT94 -24,54
541.61 HTI] -95.16
546.09 HTI_ -94.10
SiS.It HTll -2].94
)44.)? MT)O -21.O1
$45.09 HT1g -_2.25
$44.41 HTI8 -91.40
$45.29 HTI? -20._4
543,94 HTIt -11.62
544.)? HT1S -11.64
N_)l HT)4 -17.46
546.41 HTI] -16.49
546.00 HT12 -11.71
bl Re=_Cl_ Oata TaD_atJon
GauqI i_¢. Value T Sur! Gauqe Loc,
Laml (ge6l (iTUtrL2-Sec) (Doqe) La_el Iaaq)
N?52 -41.00 9.6604 O! 545.60 _Zl *)0.69
_51 -61.83 7.1811 O) 541.60 NT)I -30.O9
N?)O -54.61 1.1144 11 550,97 H?]7 -]9.1|
HT44 -44.32 ).11$( 12 360.11 NT26 -21.21
H_4) -42.60 9.1374 1) 339.12 NTiS -27.41
NT4) "42.61 $.41|( 11 569.30 NT]4 -36.S4
_41 -41.1t 1.1111 i! ))S.5] HT93 -15.64
NT40 -40.ll 1.0101 |J $50.21 NT)) -94old
Kr]l "40.00 1.1211 1) $60.25 KT61 -33.$4
NT)I -31.13 4.|40| 1| SlS.]O HT)O -23.01
NT]? -31.38 3.4]9( 11 $11.S] HT16 -92.21
H?)6 -31.49 $.a96( II 570.97 NTIO ")1.40
X?$S -36.$8 4.Gill )l S16.26 N?IT -90.56
NT)4 -)$.$7 ).$121 1) $11,44 HTI6 "11,&|
I_r33 -34.?1 Null Null NT15 *11.64
N_22 -33.11 Null Null NTI4 -11.66
HT)I -)).l_ ].i6;t 12 3i0.4S NTll -14.11
HT30 -31.1f 4.364( i1 S|0.SI KTI) -12.?1
Run S0 1141¢e4 DaLe TabulaLloh
LOc.
(deg)
-69.00
-Sl .l)
-S4.61
-44.S5
-43.40
-99.6l
-41.11
"40.ll
-40.00
-3t.|3
-3l. 38
-31.42
-$6.$1
-IS.el
-)4.ll
-33.71
-29.12
-31.09
Gau6e
I-I041
NT$]
NT$1
NTS0
NT44
HTa)
NT4)
NT41
NT4O
NT)l
NTIS
NT)?
NTS6
#?35
NT34
rr])
N?J_
NT31
NT)O
Velu4 T Surf
II_U/rt]-Sec) (DegN)
1.431 O| $4).04
i.700 0) 342,21
3.017 O) 146.9_
5.915 O) S40.$]
S.tll OI $48.36
I.Oll O} $10.11
4.14| OI $41.$1
1,011 OI $41.$4
6.424 02 $40.61
8._14 01 )50.64
1.031 ]l 511,97
i.]i] O) $_0.11
1.031 11 551.93
?.$47 O) )el,))
Null Null
Null Null
$.O)ll 02 5$0,S1
1.2124 0| SS0.41
Ru_ 61
Gauge Lo¢.
sJ_l (aegl
NT)6 -30.6S
NT60 -)O.OI
HT_7 -91.10
NT]6 -91o]l
H?_) -Z?.41
NT)4 -96.$4
NT)$ -_).66
NT]) -24,00
NT)l -23.94
NT60 *)$.Ol
N116 -92.25
HTI1 -)1.40
NTll -90.)6
NTIS -16.1_
NTIS -11.64
NTI4 -17.11
HT)) -11.61
HT12 -IS.11
leIu¢e_ DILl TeDula_loh
Value
(1TU/rt)-Sec(
9.211(0)
1.214( 12
1.1491 ))
2.000 1)
t.311 12
9.752 11
],iST II
).910 )l
9,)IS 1)
4.$]4 1)
1.117 1)
1.011 22
1.194 2l
6.132 1)
6.5]5 11
4.021 11
1.777 I;
value
(11U/rt6-lecl
4.4]6 O)
S.142 01
|.]01_ OI
9.0011 02
S.462_ 02
?.112_ 0)
1.004_ 12
6.063_ 0!
0.344 O)
6.065_ O)
4.|1]1 O)
6.271q 0)
7.114 O)
9.OTS 0)
4.356 Ol
S,Obtl 0)
Val_a
{iTU/F_2-SI¢)
9.1i0( i!
4.422(1)
4.1214 12
4.006( 12
3.2O3(1)
5.440l 1)
$.6154 II
$.$)_1 l)
i,0lS( II
6.604111
9.5211 11
1.41)( 91
2.1|9(9)
1.2311 91
4.ll_( I|
2.341l l}
1.411 III
1.046( I;
Value
(ITu/rt)-Se¢!
1.011 01
1.0914 II
1 .)T0 11
1.134 II
3.413 11
3.011 11
3.413 I1
2.$]3 It
2.$$3 II
).114 11
).61] ]1
I.)41 1)
1.1]$ Ol
4.11) O)
3.046 0l
2.33) 0!
9.3)0 O)
).IS) 02
T Surf
|Dtgel
$50.21
551.59
560.49
561.19
$4$.39
$11.14
367.$1
565,76
S73.60
$70.$1
512.21
$16.17
S91.50
$11.35
201.94
51_.01
514.34
$77.08
T Sur[
ID4_R!
S41.70
341.15
$41.46
$48.00
54 _.94
_4J.91
550.)3
$41.26
S51.91
|41.08
3)0.99
348.50
549.43
S48.$5
S41.31
549.19
$49.|1
549.0_
T )or!
(DeQRI
S76.4]
)71.44
510.11
311.4_
211.53
)O0.13
513.S3
510.61
315.11
364.30
311.31
604.11
612,09
)84,11
S65,)1
510.11
551.60
$53,11
T Su[f
)49.11
131.10
)5).4?
)5).4]
$31.]3
$63.46
$12.07
$$0.11
S_?.19
SS$.)S
)35.09
)$9.14
$30.21
$4|.6]
$48.])
$47,16
$4i. I1
S4i._i
_ula
LaOel
HTI1
HTIO
NT9
NTI
NT?
HT6
_19
NT]
HT2
NTI
HT4)
M144
NT4
HT4|
HI49
OaJ6e
Laoel
HTII
HTI0
HT9
HTJ
_T?
NTS
HTS
HT4
NT]
NT_
HT4$
HT46
HT47
NT41
NT49
Geuqe
la_41
NTI1
I_110
HT1
HT1
NT7
H?6
HTS
NT4
NT3
NT)
NT1
NTIS
_745
HT41
HT41
NT41
Geu_
La_e!
NTI 1
HTIO
NT6
NT6
NT?
NTS
NT$
NT4
NT]
HT)
NT1
NTa)
NT46
MT4?
NT40
NT46
Lec,
leaq)
-13.41
-12.13
-11.11
-10.62
-).11
-9._4
*1,10
-4.34
-1.26
-,62
4.]4
i.10
16.19
26.$4
]S.61
(de6J
-14.?)
-IS.S0
-1] .8)
-I| .81
-10.93
- 9.91
*6.04
-1.10
-4.)4
-1.11
-.$9
4.34
1.10
16.1t
)6.5¢
95.6?
_o¢.
(aegl
-14.11
-12,61
-i).1]
-I|.n
*tO.t)
-6.60
-1,O4
-1.10
-4.]4
-1.11
4.34
1.10
16.65
)6.$4
32.61
_doc.
(aeq !
-29,13
-12,61
-19,12
-11.11
-10.t)
-$. 61
*6,0¢
-1.10
-4.)4
-1 ,$6
-.69
9.34
1.10
)S.61
]6.)4
]|.6?
Value
|ITU/Ft]-Suc|
1.1904 1!
1.053( 1|
?.117( 0J
S,09](O)
2.91](O)
).9]5( O_
_,610(O)
1.6254 OI
].9064-1_
_,i?$(-1)
-4.4714-1!
-9.261(-1!
-9.#?04-_1
-6.01_1-))
1.6144-12
Value
(ITu/rc;-Sec!
4.1711 O)
3.0404 O)
4.176 (O)
2.II51 O)
9.319( OI
9.410| O;
5.0104 O)
7.447 I O)
1.$92 (I)
].1114 i!
1.416(1)
1.4104 I!
1.131 (0)
-¢.t10 (-12
Value
t$Tu/rt 2-Sac)
1.1431 1)
1.4644 II
1,1911 12
1.$24 (I)
9.1434 1)
1.4644 11
1.994( 11
NUl 1
9.0611 1)
Null
Nul 1
1.3464 12
1.2624 11
1.297 t ))
$._51! O)
Null
Value
(ITu/rL)-k¢!
).021 D)
).211 02
).140 O)
).¢3] O)
4._?S_ OI
).131_ O)
).916 02
4.0111 O)
3.142_ O)
;.i611 02
Nu!
4.4211 01
4.$041 O!
4.411_ 0|
).S03_ O)
S_rf
(Deqe)
371.14
36].]O
3Si._|
25].17
|41.14
3¢0.37
$4_.10
$45.40
$43.9?
$44.11
Null
$41.7_
$49.$7
)99.64
)]8._5
311.09
T Sur!
(De,el
347.7]
34).9O
$46.61
346.¢0
$44.?7
$4_.4_
341,21
_b_.S5
$t].44
_Ul]
S)].09
$S].03
$42.94
239.S_
T S_r!
qDaq_)
253.01
5)3.51
55¢.3_
)24.14
$)5.09
)30.3)
55).]_
N_2/
511.)0
Null
Null
351.69
$$1.51
)50.))
241.))
Null
T Surf
(Oo6A!
)9?.60
$¢?.$8
$47,$4
247.14
$4?.4]
54?.00
166.60
346.06
$41.11
$46.$1
Null
_17o91
$1S. tl
$46.7)
)I$.67
Null
B-120
_uge Loc. va|ue T Sur! Giue Loc. VT;_e T Surf C,_uge Loc. V,;ue T surf
LdI_ (deQ) ||TUtbt2-$ec) IDegRI LdbeJ [Oeg_ IBT_//ta-Sec) 4DegEI LdiDV; (o_ (BTU/¥t_-Sucl (Uc_)
HT53 -6g.00 1.33](0) 544.0; HT36 -30.6| 3.$36( O! S45.?1 HTZ; -14.75 $.812(O) 54_.6T
NTS| -|1.6] 1.6;6( 0; 544.43 HT_I -30.04 3.607(0) S4_.44 HTI0 -]3.66 6.434(D) 54_.?3
NTS0 -54.6; 1._51( 01 $44.45 NTa? -_l.]l $.]6B1 O) 547.49 14T6 -12.63 6.163| O) 548.3_
NT44 -44.55 2.$1 t(0) 544.56 NT36 -_1.38 4.;651 O) S66.16 _4 -11o|6 6.4|4( OI 548.95
icr43 -63.60 3.5)7| o) $44.56 NT25 -37.4; T.30_| 0) $47.6) HT? -10.13 7.633(O) $49.3g
NT4_ -43.66 i. SOl| OI $45.34 HT24 -_k.b4 N,;I Nu]] NTt -6.66 ?.063(O) 546.$0
HT41 -4_._| 3._3_(O) 544.63 HT23 -_5.66 $,$17| O) 54?.56 HTS -6.04 6.62_1 O) $48.0_
NTa0 -40.06 3._84(O) 544.63 HT23 -_4.00 _._i0( O| $4?.J_ KT4 -6.10 0.44S( D| S4T.]O
HTag -40.0C 3,205(O) 544.76 HTa; -33.64 ?._64(C) S46.46 NT3 -4.34 1.S)C| 1] 550.]1
NT30 -36.13 K,_ h,_; HTa0 "_3.0| 3.736| 0_ 545.45 HT3 -1.SE 2.3T1(1) $53.3?
HT37 -30.38 N_|I k_ HT|6 -23.2S 5.STSI _) 547.31 _TI -.63 _u_| _j;
HT36 -37°43 Nu;_ N_; HTI4 -2|.4_ 5.60_( 0! $47.02 NT45 4.34 NuJJ NuJl
N_)5 -36.56 3.35Z( 0_ 545.00 NTI_ -30.SG 6.165(O) 54_._4 NT46 O.1O 1.016( 1| $46._4
HT34 -]5.iT ).]_1(O) $44.49 HT|k -]6._ 5.491| O| S49.14 _T4? |t.66 t.OIl| O) 54_.]8
HT33 -34.?; N_;; _1; _T_5 -16.64 5.$451 O) $47.3_ H_46 36.54 6.61_1 O) $45.50
NTa_ -33.?_ N_;; _11 HT_4 "17.66 6,950( O| $4?.46 KT46 35.6? Null N_I_
_T3] 033.8_ 3.400(O) $45.50 NT]3 -36.66 _.O371 O) $4_.71
NTaO -31.09 3.613f O) S4S._O NT13 -1S._| S.306(O) S4|.01
_ 63 _educed Data Ta_,|atJon
B-12I
REPORT DOCUMENTATION PAGE Form ApprovedOMB No. 0704-0188
Public reporting burden for this collection of Informetion is estimeted to everege 1 hour per response, Including the time for reviewing instructions
searching existing date sources, getherlng end maintaining the date _lecled, end completing m-KI rlwiewing the coll=K;tion of Information. Send com-
ments regarding tl'_iS borden _tlrnate or any other aspect of this ¢olllmtion of Jnf¢cmatJon, Including suggesf_s for redcc_ng thJs burden, to Wash)r_g-
ton Headquarters Services, Directorate for Information Operetlons endReoorts, 1215 defter=on Devls Highway, Suite 121_,,Arltngton, VA 22202-4302,
and to the Office of Manegement end Budget, Paperwork Reduction Project (0704-0188), Washington, OC 20503.
t, AGENCY USE ONLY (Leave blank) 2. REPORT DATE
April 1992
4, _TLE AND suBrrrtE
Studies of Shock/Shock Interaction on Smooth and Transpiration-
Cooled Hemispherical Nosetips in Hypersonic Flow
6. AUTHOR(S)
Michael S. Holden and Kathleen M. Rodriguez
3. REPORT TYPE AND DATES COVERED
Contractor Report
5. FUNDING NUMBERS
C NASI-I8570
TA 4
WU 506-40-21-01
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)
' SUBCONTRACTOR:
Lockheed Advanced Development
Company Calspan Advanced Technology
Division of Lockheed Corporation tenter
P,O. Box 250 P.O. Box 400
Sunland, CA 91040 Buffalo, New York 14221
g, SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)
National Aeronautics and Space Administration
Langley Research Center
Hampton, VA 23665-5225
8. PERFORMING, ORGANIZATION
REPORT NUMBER
Calspan Report No. 7931
10. SPONSORING/MONITORING
AGENCY REPORT NUMBER
NASA CR-189585
11. SUPPLEMENTARY NOTES
This research was conducted by Calspan Advanced Technology Center, P.O. Box 400, Buffalo, New York
14225, under subcontract No. XSX015201M from Lockheed Advanced Development Company, Holden "
and Rodriguez: Calspan Advanced Technology Center; Langley Technical Monitor: Robert J. Nowak
12a. DISTRIBUTION/AVAILABILITY STATEMENT 12b, DISTRIBUTION CODE
UNCLASSIFIED - Unlimited
Subject Category 34
13. ABSTRACT (Maximum 200 words)
A program of experimental research and analysis has been conducted to examine the heat transfer and pressure distributions in
regions of shock/shock interaction over smooth and transpiration-cooled hemispherical noseshapes, The objective of this investi-
gation was to determine whether the ]axge heat transfer generated in regions of shock/shock interaction can be reduced by
transpiration cooling. The experimental program was conducted at Math numbers of 12 to 16 in the Calspan 48-1nch Shock
Tunnel. Type Ill and type IV interaction regions were generated for a range of freestream unit Reynolds numbers to provide
shear layer Reynolds numbers from 10' to 10 e to enable both laminar and turbulent interaction regions to be studied. Shock/
shock interactions were investigated on a smooth hemispherical nosetip and a similar transpiration-cooled nosetip, with the
latter configuration being examined for a range of surface blowing rates up to one-third of the freestream mass flux. While the
heat transfer measurements on the smooth hemisphere without shock/shock interaction were in good agreement with Fay-Riddell
predictions, those on the transpiration-cooled nosettp indicated that its intrinsic roughness caused heating-enhancement factors
of over 1.5. In the shock/shock interaction studies on the smooth nosetip, detailed heat transfer and pressure measurements
were obtained to map the variation of the distributions with shock-impingement position for a range of type III and type IV
interactions. Such sets of measurements were obtained for a range of unit Reynolds numbers and Mach numbers to obtain both
laminar and turbulent interactions. The measurements indicated that shear layer transition had a significant influence on the
heating rates for the type IV interaction as well as the anticipated large effects on type Ill interaction heating. In the. absence of
blowing, the peak heating in the type III and type IV interaction regions, over the transpiration-cooled model, did not appear to
be influenced by the model's rough surface characteristics. The studies of the effects of transpiration cooling on type lIl and type
IV shock/shock interaction regions demonstrated that large surface blowing rates had significant effect on the structure of the
fiowfield, enlarging the shock layer and moving the region of peak-heating interaction around the body. However, despite a
reduction in the total heating rate, the peak heating was reduced by less than 10 percent for coolant flow rates as large as 30
percent of the freestream mass flux.
14. SUBJECT ERMS Heat Transfer Shock/Shock Interaction
Active Cooling Hypersonic Surface Roughness
Cowl-Lip Heating Interference Heating Transpiration Cooling
Entropy Layer Shear-Layer Transition
17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICA_N 19, SECURITY CLASSIFICATION
OF REPORT OF THiS PAGE / OF ABSTRACT
UNCLASSIFIED UNCLASSIFIE_ UNCLASSIFIED
15. NUMBER OF PAGES
290
16. PRICE CODE
M3
20. LIMITATION OF
ABSTRACT
UL
Standard Form298 {Rev. 2-89'
Prescribed by ANSI Sta. 239-18
298-102
